POLLUTION 
CONTROL 
ASSOCIATION 


MAY 
Vol, Ne. | 


Used fiber reclaiming system for continuous slag wool filter pilot plan 


(See Page 53) 
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ENGINEERING 


with standard components 


Where a complete meteorological system 
is required, Beckman & Whitley offers 
everything you need: 1. Time-tried and 

A proved anemometers, wind-direction units, 
, c thermal radiometers, soil heat-flow 
transducers, etc, of the highest quality and 
performance, and 2. A knowledgeable 
and experienced engineering and 
meteorological group prepared to develop 
these elements into a complete met system 
to meet your particular needs. 


Ore EXAMPLE: Illustrated here is a complete 
- automatic wind-profile system created for 
a 7 IGY glacier studies. The logarithmic pickup 
array is composed of standard transmitters 
mounted ona standard meteorological mast 
and telemetered to standard translator units 
driving a special photographic recording unit. 


Shown below, this device automatically 
records the readings from digital counters 
representing the four wind-speed pickups, 
together with the indication from a clock 
face, operating on an interval basis which 
can be anything from seconds to hours. 
Wind direction is written on a standard 
strip-chart recorder. 


There are many other examples ranging 
from small portable weather stations to 
rocket-motor test-tower instrumentation 
running into dozens of pickup points on 
numerous towers, and data presentation on 
punch cards, typewriters, calculator tapes, 
and the like. 
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SCIENCE & TECHNOLOGY 


SCRAP YARDS CAN 
BROUGHT UNDER CONTROL! 


Smokatron’s Continuous Auto Burner 
Guaranteed to Comply with Local Ordinances 


Auto burners can now burn between 80 and 150 cars per day without smoke or fumes. 
SMOKATRON equipment was designed especially for the scrap industry by a prominent 
member of that industry since 1893. Competent engineers agree that electrostatic precipi- 
tation is most effective and much simpler to maintain and operate. Our deferred payment plan 
brings smokeless burning within the range of every scrap yard. 


Electrostatic Precipitator 


DESIGNED FOR USE IN SCRAP YARD 
BURNING OPERATIONS 


CALL OR WRITE FOR INFORMATION OR DEMONSTRATION 


SMOKATRON 
DIVISION 
SUMMER & CO. 
S66 BUTTLES AVENUE 
COLUMBUS, OHIO 
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in the last two years... 


All These 


Whether your fly ash problems require a straight precipitator, a 
combination unit, or a mechanical collector alone, you can count 
on an economical solution from Research-Cottrell. 


New Cyclo- eli—Sets new standards 
collection efficiency and gas volume capac ity, 
_ Double deck arrangement improves gas di 
tribution to precipitator and conserves valu- a 
able tube is erosion 1. Rappers on Roof— New 
provides better rapping 


T access to automaticall controlled rap 
‘around: the-clock”’ collection a 


without manual adjustments. New electronic 
methods continuous s 


2. Opzel Collecting itectredes—_ ae: pink vidually hung for easier access from top 
cost, provides optimum precipitation bottom. Entire collecting plate surface 
zone with better gas flow and electrical effective because th discharge wires exte 


2, 3. New Discharge Electrode Rappers — 6. New Top Inaulat 0) 

~ Available in air, electric, vibrating or impact _ partments or steel housing over the enti 
— type. Cycle and intensity are easily adjusted roof are available. Designed for low insula 
— to maintain|highest collection efficiency ~ maintenance; bushings can be replaced wi 
out disturbing high tension frame. 
Silicon — New, hermetiea housing provides “out-of-weather” 

_ sealed rectifiers as: as for mai 
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Research-Cottrell 


Combination 
Electrical-Mechanical 
Collector 


Research-Cottrell 


RESEARCH-COTTRELL, INC. Main Office and Plant: Bound Brook, N. J.e 405 Lexington Ave., New York 17, N. Y. 


e@ Grant Building, Pittsburgh 19, Pa. e 228 N. La Salle St., Chicago 1, Ill. e 58 Sutter Street, San Francisco 4, Calif. 
® Research-Cottrell (Canada) Ltd., 33 Bloor Street East, Toronto 5, Ontario. 


How to get maximum combustion 
efficiency... measure both 


combustibles and oxygen 
Simultaneous measurement of both oxygen ides’ G3 
and combustibles is needed to obtain optimum 
combustion. No instrument that measures only od s S 
one of these two interdependable factors can 
give you the full information necessary. sige =° 
We 
Now, Bailey offers two units, each giving a con- 32 g a 
tinuous and simultaneous double check on 
combustion efficiency: a permanent analyzer- oO 
recorder which records both factors on a single A a. Ww " 
chart; and a new light weight, portable unit g Sz 
which indicates both factors. k entree GAS N = 
Both instruments measure: (1) excess air—re- [= Oo 
gardless of the fuel or combinations of fuel ° Ma 
being burned, (2) mixing efficiency of your fuel 
burning equipment by showing per cent com- 
bustibles in the flue gas. 
é : ‘ Maximum Combustion Efficiency is secured by keeping th of E Ai Dar 
Both units are designed to increase efficiency Loss and Unburned Gas Loss to To do med the 
in the furnace operations of the steel industry, ply measure both oxygen and combustibles in flue gas. in 
on glass tanks, cement and lime kilns, ceramic 
and refractory kilns, steam boilers and also on direct and into these two efficiency provers. A Bailey engineer The 
indirect-fired furnaces in the metal processing industries. will be glad to give you details or write us for product rie 
To prevent your money from becoming waste gas, look specifications. 
Dus: 
Eng 
For portable use— For permanent installation 
Th 
HEAT PROVER Analyzer Oxygen-Combustibles Recorder : 
The famous Cities Service : me 
HEAT PROVER analyzer wee The Bailey Oxygen-Combus- Pie 
is now Bailey built and tibles Analyzer -Recorder 
sold. Weighing only 25 coordinates both records on Che 
pounds, it is a self-con- one chart. These records 
tained automatic analyzer enable the operator to keep The 
including a sampling tip fuel burning equipment per- 
and hose plus a thermo- forming continuously in the Ad 
couple for temperature zone of maximum combus- 
measurement. tion efficiency. Excess air Cla 
5 may be reduced to the point . 
oe dials are dual where combustibles begin Fift 
range or greater accuracy to show. aa 
and sensitivity. 
G 40-1 
instruments and controls for power and process witl 
1082 IVANHOE ROAD . CLEVELAND 10, OHIO 
In Canada—Baliey Meter Company Limited, Montreal 
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CUPOLA FUMES from foundries and 
smelters are filtered dust-free by Wheel- 
abrator Dustube systems to meet any 
smoke abatement code. Unit shown here 
is completely automatic. 


ELECTRIC FURNACE FUMES are 
no problem for the Wheelabrator Dust 
Collection Systems. Collection efficiency 
exceeds 99%. New synthetic bags take 
the heat and last! 


CEMENT DUST from _ processing, 
sacking or bulk loading eneees is con- 
trolled efficiently with eelabrator Col- 
lectors. Dry system allows complete re- 
covery of the material. 


GRINDING DUST, from the machin- 


ing of metal parts, is readily controlled 
by Wheelabrator equipment. Dustube 
units are simple and economical to install 
and maintain. 


WITH 
WHEELABRATOR 


0) 
DUSTUBE 
COLLECTORS 


abrator Dustube system to control and 
reclaim the air-borne material. 


ASBESTOS DUST, tough on em- 
ployees, equipment and finished product, 
is filtered from the process air in asbestos 
mills by Wheelabrator Collectors. 


Regardless of the size of your plant, the concentration of fumes, or the 
types of solids involved, Wheelabrator engineers can show you how the 
same or similar conditions have been overcome successfully and economi- 
cally by one of the many types of Wheelabrator’s wet or dry collection 
systems. Write today, giving details of your requirements. 

Ask for Catalog No. 372-D. 


INVESTIGATE ULTRA-FILTRATION 


if you have a plant area that must be 
absolutely dust-free. Wheelabrator’s new 
Ultra-Filtration can be built into your 


WHEELABRATOR 


plant’s ventilation system. 330 South Byrkit Street 
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How Oxy-Catalyst Systems stop industrial 
air pollution—recover waste heat 


New brochure gives facts and figures on typical 
installations send for your free copy now! 


Oxy-Catalyst Systems for air pollution control and 
waste heat recovery are one of the most important 
and most effective solutions to these problems ever 
developed. Engineered to your individual require- 
ments, they can clean up close to 100% of combus- 
tible pollutants and odors—recover the waste heat 


OXY-CATALYST, INC. 


Wayne 11, Pa., U.S.A. 


Catalysts for fume and odor elimination, air pollution 
control, and waste heat recovery 


of APCA 


in process exhaust gases— often do both at once. 

This new brochure tells how Oxy-Catalyst installa- 
tions have stopped air pollution—often at an actual 
saving—in a wide range of industries. If air pollution 
is a problem in your operations, write or telephone 
for your free copy now. 


Oxy-Catalysf; Inc., Wayne 11, Pa. 

| Please send me your new brochure on Oxy-Catalyst Sys- 
| tems for air pollution control and waste heat recovery. 
| 

Name 

| Firm 

Street 

| City Zone State 
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Here’s why Pangborn Dust Control boosts employee morale! 


The answer is in this book. You’ll see why Pangborn 

- Dust Control makes your employees happier, healthier, 
more efficient in a dust-free plant. Why machinery life is 
lengthened, housekeeping costs reduced. Why you can 
reclaim valuable material for salvage. Why you can 
improve community relations. 


Why Pangborn Dust Control? Because Pangborn 
offers the most efficient methods of dust collection on 
the market. Pangborn has spent 50 years dealing with 
dust problems . . . experience that is incorporated in 
every proposal. And Pangborn’s extensive line of wet 
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and dry collectors means that one of these units can be 


adapted with maximum effectiveness to any problem. 
Send for your copy of “Out of the Realm of Dust.’? And 
remember: the Pangborn Engineer in your area will be 

glad to take off bis coat and go to work on your 

dust problem at no obligation. PANGBORN CORP., 

5100 Pangborn Blud., Hagerstown, Md. Manufacturers 

of Dust Control and Blast Cleaning Equipment. 


Pangborn 
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Damage to Vegetation from Polluted Atmospheres” 


JOHN T. MIDDLETON, ELLIS F. DARLEY, AND ROBERT F. BREWER 


Damage to vegetation from _pol- 
luted atmospheres has been recog- 
nized for more than a century. Early 
interest in air pollution centered large- 
ly on smoke and fumes from indus- 
trial wastes, particularly those of 
chemical manufacture, smelting, cer- 
amic production, and coal and petro- 
leum combustion effluents. Vegeta- 
tion damage has increased with indus- 
trialization and urban development. 
Whereas the principal plant toxicants 
recognized several decades ago were 
sulfur dioxide and fluorine, in the 
last decade a new group of airborne 
phytotoxicants has been described 
and identified as oxidants. The prin- 
cipal source of these oxidants is be- 
lieved to be photolysis reaction prod- 
ucts of auto exhaust. Atmospheric 
contaminants responsible for dam- 
age to vegetation may be described as 
particulates — such as dusts and acid 
aerosols — and gases — such as sul- 
fur dioxide, halogens, oxidized or- 
ganics, ozone, nitrogen dioxide, hy- 
drogen sulfide, ammonia, and car- 
bon monoxide. Of these diverse pol- 
lutants, gases generally cause more 
damage to plants than do particulates. 


Particulates 


A number of materials occur in the 
atmosphere as particulates — such as 
carbon and cement dusts — which 
form undesirable deposits on agri- 
cultural produce. Injury to leaves 
and fruits of many plants may result 
from acid aerosols, originating from 
the combustion of sulfur-containing 
fuels, smelting of ores, and chemical 
manufacture. Sulfuric acid aero- 
sols!) produce small to large spots 
on the upper exposed surface of 
leaves (Fig. 1). Although injury us- 
ually occurs during periods of fog 
when the droplets become large 
enough to settle out and the leaf read- 
ily wets, acid aerosol damage also 
occurs near combustion effluents in 
the absence of fog when the gas ef- 


University of California 


Riverside, Calif. 


fluent dew point permits droplet for- 
mation. Thomas'‘'*) reports that acid 
aerosols may persist for weeks under 
certain conditions as spheres on the 
surface of dry leaves without pro- 
ducing injury. However, when the 
same leaves are wet with a fine mist 
of water, the spotting typical of acid 
aerosol injury is produced. 


Sulfur Dioxide 


Sulfur dioxide is one of the oldest 
known air pollutants recognized as 
causing significant damage to vegeta- 
tion. Indeed, in several instances. 
damage to vegetation was the first in- 
dication that the air in the vicinity of 
certain industries was being polluted. 
The effects of this gas on plants have 
been studied for more than 75 years. 

Litigation over crop losses resulted 
in extensive investigation at the Selby 
smelter in California about 1905 and 
at the Trail smelter in British Col- 
umbia in the early 1930’s. In the 
latter case it was estimated that loss- 
es to forest and agricultural vegeta- 
tion amounted to $350,000 in the 
period 1926 to 1931 and to about 


$78,000 from 1932 to 1937.\'*) These 
losses are low compared to those at- 
tributed to oxidant and fluorine, to 
be described below. The development 
and use of control devices by research 
and industry has reduced sulfur di- 
oxide loss to very low values. 

Injury to plant leaves exposed to 
sulfur dioxide has been described as 
either acute or chlorotic.''*) Acute 
injury occurs following the rapid ab- 
sorption of sufficient gas to kill the 
leaf tissues. Tissues in the inter- 
veinal and marginal areas of affected 
leaves collapse and assume a water- 
soaked appearance; later they become 
desiccated and bleached (Fig. 2). It 
is characteristic of the injury that the 
veins remain green. Chlorotic injury 
— a gradual yellowing of affected 
leaves, later becoming white -— is 
caused by rapid absorption of less 
amounts of the gas than would cause 
acute symptoms or by exposure over 
a long period of time to sublethal con- 
centrations. 

It is important to note that leaf 
destruction is more directly depend- 
ent upon the amount of gas actually 


Fig. |. Table beet leaves, showing acid aerosol injury on upper surface of leaf on top and 
their extension to the lower surface of leaf on bottom. The small punctate spots characterize 
this type of injury and are uniformly dispersed over the leaf area. The upper left-hand area 
of leaf on top was protected by a covering leaf. 


*Presented at the 22nd Midyear Meeting of 

the American Petroleum Institute’s Divis- 
ion of Refining, in the Sheraton Hotel, 
Philadelphia, Pa,, May 14, 1957, 
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absorbed than on the concentration 
of the gas in the air. Exposures 
which would result in severe injury to 
given plants under one set of con- 
ditions could be innocuous under an- 
other. 

Plant species vary in their reac- 
tions to sulfur dioxide. Alfalfa and 
barley are among the most sensitive. 
Incipient damage markings on al- 
falfa, exposed under conditions of 
maximum sensitivity, occur after 1 
hr. at 1.25 ppm.,‘'*) and leaves are 
severely damaged at 5 ppm. P. G. 
O’Gara studied the relative suscepti- 
bility of over 300 plant species, and 
Thomas and Hill''® list several of 
these. Compared to the exposure re- 
quired to damage alfalfa, oats require 
1.3 times the exposure, corn 4 times, 
and muskmelon almost 8 times. 

The development of control devices 
has reached the point where it is pos- 
sible to reduce the concentration of 
sulfur dioxide to nontoxic levels of 
0.1 to 0.3 ppm. Damage to vegetation 
can be expected now only where there 


is inadvertent spilling of the chemical. 


Plant damage from smog in the 
*Los Angeles basin has been reported 
lessened by the presence of nontoxic 
concentrations of sulfur dioxide in 
the polluted air. Thomas e¢ al.“°) 
cited the experience of one company 
wherein plants were placed in spe- 
cial chambers, some of which re- 
ceived polluted air while others re- 
ceived the same air after it had been 
washed in water scrubbers. Plants 
receiving the scrubbed air from 
which the sulfur dioxide had been 
removed were more severely damaged 
than those receiving the air contain- 
ing sulfur dioxide. This indicated 
some interfering action on the part 
of sulfur dioxide. 

Further evidence of this interfer- 
ence with damage is reported by 
Haagen-Smit et al.‘*) When 0.1 ppm. 
sulfur dioxide was mixed with plant- 
damaging concentrations of the re- 
action products of ozone and gaso- 
line, no plant damage occurred. It 
was concluded that sulfur dioxide re- 


duced the plant-damaging oxidant. 


At Riverside this interference phe- 
nomenon was tested further. Pinto 
beans were exposed to sulfur dioxide 
and ozone separately and to mixtures 
of the two gases. Comparable amounts 
of damage to pinto beans were pro- 
duced when they were exposed for 2 
hrs. to 1.5 ppm. of sulfur dioxide or 
to 0.25 ppm. of ozone. The ozone 
symptoms were characteristic and 
consisted of bleaching confined to the 
upper surface of the leaves. 

When the two pure gases were 
mixed in an 18-li. glass bottle, they 
coexisted for 3 weeks without react- 
ing. Levels of ozone at 0.3 ppm. mixed 
with 1.5 ppm. sulfur dioxide in a 
dynamic flow system were unchanged 
after a 6-min. residence period. The 
extent of injury to plants exposed to 
these mixtures indicates that there is 
no interference by sulfur dioxide with 
the amount of damage caused by 
ozone. However, ozone did interfere 
to some extent with the development 
of expected sulfur dioxide injury. If 


Fig. 2. Upper surface of primary leaves of pinto bean exposed to ozone (left), nonfumigated (center), and sulfur dioxide (right). Minute 


speckling and chlorosis restricted to upper surface is characteristic of ozone injury. Bleaching and destruction of leaf tissue through the leaf 


is characteristic of acute sulfur dioxide injury. 
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Fig. 3. Grape (above) and Snow Princess gladiolus (right) fumigated 
with 2 to 5 ppb. of fluorine for 8 weeks. The center gladiolus leaf 
was not fumigated. Necrosis of the margins and tips of affected 


leaves is characteristic of fluorine. 
tan or reddish brown in color. 


the sulfur dioxide-ozone ratio was at 
or less than 4:1, ozone appeared to 
interfere with the development of in- 
jury expected from sulfur dioxide. If 
the ratio was increased to 6:1, or 
higher, the symptoms of both gases 
appeared on the same leaves and 
there was no evidence of any inter- 
ference. This is an example of the 
usefulness of plants in detecting mix- 
tures of air pollutants. 


Fluorine 


Fluorine injury to vegetation and 
livestock is considered the most im- 
portant nation-wide air pollution 
problem in the United States. The 
problem is not new. Fluoride injury 
was recognized and described over 50 
years ago in Germany. There, as is 
usually the case with fluorine pollu- 
tion, damage to livestock and vegeta- 
tion was observed in the vicinity of 
certain chemical, metals, and ceramic 
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Damaged tissues may become 


industries. In this country the im- 
portance of the fluorine pollution 
problem has increased with the rapid 
expansion of chemical and metals in- 
dustries. Serious damage to vegeta- 
tion and/or livestock, resulting from 
fluorine emitted by neighboring in- 
dustries, has been observed in Flor- 
ida, Idaho, Montana, New Jersey, 
Oregon, Tennessee, and Washington. 
In 1950 extensive fluorine damage to 
ponderosa pine in Spokane County, 
Washington, produced a blight area 
3.5 miles wide and 12 miles long‘ 
At present, claims for damage and 
litigations arising out of alleged fluor- 
ine damage in the states of Utah, 
Florida, and Idaho total nearly three 
millions of dollars. 


Fluorine and its compounds are 
released when ores, clays, or fluxes 
containing this element are heated to 
extremely high temperatures. Indus- 
tries known to emit fluorides in the 
flue gases include steel mills, alumi- 
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num reduction plants, ceramic works, 
uranium purification installations, 
and superphosphate factories. Al- 
though elemental fluorine might be 
evolved as such in some of the above 
processes, the element is so reactive 
that the likelihood of its remaining 
in the elemental state is extremely re- 
mote. Gaseous silicon tetrafluoride, 
hydrofluoric acid, and fluorosilicic 
acid are some of the forms of fluorine 
which are probably released in flue 
gases. Cryolite, Na;Al1F¢, a soluble 
and somewhat volatile material used 
as a source of aluminum in the 
aluminum reduction industry and oc- 
casionally in agriculture as an insecti- 
cide, is also a potential source of 
fluorine in the atmosphere and in 
vegetation. 


Many species of plants are severely 
injured when exposed for prolonged 
periods to concentrations of as little 
as 0.5 to 5 ppb. F as HF (ppb. fluorine 
as hydrofluoric acid) in the atmos- 
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phere. Similar injury can also be 
produced by shorter exposures to 
higher concentrations. Plants ex- 
posed to toxic concentrations of hy- 
drogen fluoride or one of the other 
phytotoxic forms of fluorine usually 
develop gray or light green water- 
soaked marginal lesions which may 
in time turn tan or reddish brown 
(Fig. 3). Such injury may appear 
within a few hours after exposure or 
may not appear for a week or ten 
days following exposure, depending 
on the species, the concentration of 
fluorine phytotoxicant, and the dura- 
tion of the exposure. With continued 
exposure the marginal necrotic areas 
of netted leaves — grape and apricot, 
for instance — spread inward to- 
ward the midvein until a large part 
of the leaf is affected or until leaf 
abscission takes place. With parallel 
veined leaves — grasses, gladiolus, 
etc. — injury usually first appears at 
the tip and slowly spreads down the 
leaf. Under certain circumstances, 
symptoms resembling those just men- 
tioned above may be caused by other 
agents. For instance, toxic concen- 
trations of chlorine in the soil, mois- 
ture deficit due to insufficient rain- 
fall or irrigation, drying winds, and 
excess salt accumulations in the soil 
are some of the factors known to pro- 
duce similar injury patterns on 
grapes. Chemical analysis of the in- 
jured foliage will indicate an abnor- 
mally high fluorine content if fluorine 
injury is a factor to be considered. 
Plants exposed to fluorine in the at- 
mosphere continue to accumulate 
fluoride so long as they are alive and 
growing. Thus, analysis of vegeta- 
tion from areas where fluorine pol- 
lution is suspected will not only in- 
dicate the relative extent and intensity 
of the pollution but can also be used 
to pinpoint the source or sources of 
the fluorine. Fluorine content of 
foliage will increase as one approach- 
es the source from a given direction. 
This technique has been used in 
southern California for pinpointing 
major sources of fluorine pollution.” 


The various species and varieties 
of plants differ widely in their sus- 
ceptibility to fluorine injury. Gladi- 
olus, apricot, pine, and sweet potato 
have been reported as being particul- 
arly sensitive to hydrogen fluoride 
gas.'15) To this list should be added 
the grape. Results of simultaneous 
fumigations of 12 varieties of wine 
grape vines and two varieties of glad- 
iolus — including variety Snow 
Princess — with 2 to 5 ppb. F as HF 
indicated that several of the grape 
varieties were nearly as susceptible to 
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fluorine injury as were the gladiolus. 
These studies also revealed wide dif- 
ferences in sensitivity to fluoride in- 
jury among the twelve varieties of 
grape vines tested. Blue Elba, Bur- 
ger, and Mission were among the 
most sensitive, while varieties Zin- 
fandel and Concord were among those 
most resistant to fluorine injury. Sim- 
ilar differences in sensitivity among 
different varieties of gladiolus have 
been reported by Johnson et al.‘ 
With gladiolus it seems that the least 
sensitive varieties absorb the most 
fluorine. In the case of wine grapes 
this relationship between gas absorp- 
tion and degree of sensitivity does not 
hold. Several of the most tolerant 
grape varieties also accumulated the 
least fluorine. 


There are, striking differences 
among species in their capacities to 
absorb and tolerate fluorine. Grape 
leaves contained 600 to 1,000 ppm. 
fluorine, citrus leaves 250 ppm., and 
gladiolus leaves 300 ppm. fluorine on 
a dry weight basis after 8 weeks’ ex- 
posure to 2 to 5 ppb. fluorine. Of the 
3 species, gladiolus was the most 
severely injured. Some varieties of 
grapes were seriously damaged, 
others showed little or no evidence 
of injury. Sweet orange seedlings 
were apparently not adversely af- 
fected by the treatment. There were 
no leaf symptoms nor decrease in 
linear growth compared with similar 
citrus seedlings which received no 
fluorine. 


Of potentially more importance 
than direct injury to plants is the 
possible detrimental effect of the 
plants which have absorbed fluorine 
on animals which eat the plants. 
Plants which appear quite normal 
may contain sufficient fluorine to 
cause severe injury to livestock. Al- 
falfa, for instance, will tolerate sev- 
eral hundred ppm. fluorine without 
producing injury symptoms but ani- 
mals fed forage containing in excess 
of 50 ppm. fluorine may develop 
fluorosis. This disease, characterized 
by mottled and brittle teeth and ab- 
normally high fluorine concentrations 
in bones, is common among livestock 
raised on rangeland adjoining fluor- 
ide-emitting industries. It is also 
common where water supplies are ab- 
normally high in fluorine content due 
to underground contamination by 
soluble fluoride deposits. 


Oxidants 


Damage to leafy vegetable and 
field crops of a type quite different 
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than that resulting from exposure to 


sulfur dioxide, halogens, and a num- 
ber of other air pollutants, was first 
observed in the Los Angeles area in 
1944." The symptoms of this ap- 
parently unique injury consist of a 
silvering, glazing, bronzing, and 
sometimes necrosis of the lower leaf 
surface (Fig. 4). Injury to the upper 
leaf surface typically occurs only 
after damage to the lower surface is 
extensive. This type of injury is 
commonly called smog damage. de- 
spite the fact that it is not related to 
either smoke or fog. 


By 1949, injury to crops in Los 
Angeles County amounted to an es- 
timated loss of $479,495. During 
1950, crop damage occurred not only 
in Los Angeles County, but in Orange, 
Riverside, and San Bernardino Coun- 
ties, as well as in the southern San 
Francisco Bay area. In 1956, eco- 
nomic damage to agriculture was ob- 
served in 7 southern and 12 northern 
California counties. Estimated an- 
nual loss to crops now exceeds $5,- 
000,000 in the Los Ange'es area and 
over $1,100,000 in the San Francisco 
area. It is significant that this serious 
damage to vegetation in California 
occurs in areas of greatest population 
density, lending support to the thesis 
that urban atmospheric pollution re- 
sults from man’s total activities and 
not from a limited number of specific 
industrial sources.{'!) Automobile 
exhaust is believed to be a major con- 
tributor to the substances in the at- 
mosphere that produce oxidant. An- 
other large contributor is the burning 
of trash. Critical observation of veg- 
etation in other metropolitan areas 
of this country undoubtedly will re- 
veal smog-type damage. 


In addition to unique markings on 
agricultural crops and weeds, the at- 
mospheric pollutants in populated 
areas and in their contiguous air 
drainage regions cause marked re- 
duction in growth and production of 
a variety of economic plants such as 
tomato, sugar beet, and avocado, 
without producing leaf symptoms. 
For lack of adequate techniques the 
monetary loss attributable to growth 
suppression and yield reduction has 
not been estimated. 


Since silvering and glazing symp- 
toms appear after periods of aggra- 
vated pollution, or smog, it was be- 
lieved that the atmospheric contami- 
nants responsible for it could per- 
haps be identified if the same injury 


could be reproduced experimentally © 


under controlled conditions. Haagen- 
Smit et al.'*) discovered that typical 
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smog damage could be produced on 
sensitive indicator plants by exposing 
them to a mixture of ozone and cer- 
tain olefin vapors when reacted at 
high concentration and diluted in an 
air stream. Leaf symptoms indistin- 
guishable from those found in the 
field were produced by ozone and 
butadiene, 1-pentene, 1-hexene, 
cyclohexene, 3-heptene, l-octene, 4- 
nonene, and benzene. They showed 
that the end product organic acids 
and aldehydes were not able to pro- 
duce the unique silvering and bronz- 
ing, and therefore suggested that the 
toxicant must be an ozonide or re- 
lated peroxide material that was an 
oxidant. 


Mader et al.'*) found that formic 
acid was present in the Los Angeles 
atmosphere in amounts up to 0.4 
ppm, and was the most concentrated 
of several organic acids studied. They 
also found that leaves exposed to 
naturally occurring pollutants or 
leaves fumigated with mixtures of 
ozone and hydrocarbons contained up 
to 170% of the formic acid found in 
the untreated plants; the amounts of 
acetic and lactic acids were consider- 
ably less than this. They do not give 
any evidence to indicate that formic 
acid was responsible for leaf glazing. 


The authors have fumigated pinto 
beans with 8 ppm. of formic acid in 
a dynamic flow system without dam- 
age. 

The response of a variety of plants 
to ozonated hexene has shown that 
the lower surface of the primary 
leaves of pinto bean are highly sus- 
ceptible to damage and that the 
amount of injury may be visually de- 
termined.'*) The upper surface of 
the pinto bean leaves becomes 
bleached and chlorotic when exposed 
to ozone only (Fig. 2). There is no 
damage to either leaf surface from 
exposure to gasoline, 1-pentene, or 1- 
hexene. The amount of injury from 
either ozone or the reaction products 
of ozone and certain olefins depends 
upon the length of fumigation and 
the concentration of toxicant. When 
both ozonated olefin and surplus 
ozone are present, pinto bean leaves 
exhibit bleaching of the upper leaf 
surface and bronzing of the lower. 
The response of the leaf in this case 
discriminates between the two dif- 
ferent oxidants; this is not possible 
with oxidant measurements made 
with neutral buffered potassium 
iodide. 

Ozone produces markings on pinto 
bean leaves at 0.5 ppm. after 10 min. 
while about 2/3 of the leaf is severe- 


ly collapsed after 1 hr. The results 
of a large number of experiments 
show a positive linear regression of 
injury to ozone concentration meas- 
ured by potassium iodide which is 
statistically significant. 

Ozonated hexene, when reacted at 
a ratio of about 1000 ppm. ozone to 
8000 ppm. l-hexene in a glass re- 
action vessel which introduces the 
two gases separately, produces the 
phytotoxicant only under certain re- 
action times. In general, the shorter 
the reaction time the greater is the 
ozone damage without oxidized hy- 
drocarbon injury, whereas the long- 
er reaction times produce typical 
smog-type damage without ozone in- 
jury. If the reaction is further pro- 
longed, no damage of any sort ap- 
pears. The results of a number of 
ozonated hexene experiments show a 
positive curvilinear regression of in- 
jury to oxidant concentration meas- 
ured by potassium iodide, which is 
statistically significant. In this case, 
however, the amount of increase in 
injury falls off rapidly as the oxidant 
concentration increases. Further, 
plant damage typically occurs under 
controlled fumigations without free 
ozone as shown by the fact that there 
is no cracking of rubber strips under 


Fig. 4. Leaves of Ro- 
maine lettuce dam- 
aged by naturally pol- 
luted air in the Los 
Angeles basin. Silver- 
ing, bronzing, or other- 
wise glazed appear- 
ance is typical of 
damage caused by 
smog and by ozonated 
olefins. 


tension. 
periments that ozonated olefins pro- 
duce damage to vegetation typical of 
that observed in naturally polluted at- 
mospheres, and that the phytotoxi- 
cant is generated only under certain 


It is evident from these ex- 


conditions of reaction time. It is ob- 
vious from this that the chemical 
identity of the toxicant cannot be as- 
certained from chemical analysis 
only, but that plants must be em- 
ployed to report the presence of the 
biologically active material. Current 
work is being carried out with the 
excellent cooperation of the person- 
nel from the Franklin Institute. This 
research area is being rapidly ex- 
pand by this joint project, and other 
suspected phytotoxicants are being 
studied. The results of these inves- 
tigations will be reported later. 


A number of materials have been 
tested for their plant-damaging prop- 
erties, utilizing the Franklin Institute 
mobile laboratory in South Pasadena. 
Although typical damage results from 
exposure to a mixture of 1 ppm. 
ozone and 10 ppm. 1-pentene (Fig. 
5), neither 1-pentene ozonide nor 2- 
pentene ozonide produces injury on 
sensitive bean leaves. 


A plant damage survey was con- 
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Fig. 5. Pinto bean leaves from a —_ plant oe with mixture of | ppm. ozone and 10 ppm. I-pentene: left, upper surface showing 


white speckling and larger bleac 


ducted during two summers, through 
the cooperation of the Air Pollution 
Foundation, for the purpose of de- 
termining what association existed 
between various physical and chem- 
ical measurements of the atmosphere 
and the occurrence of plant damage. 
Pinto beans were used in each survey 
as the test material. Although typical 
damage to the lower leaf surface reg- 
ularly occured during periods of ag- 
gravated air pollution when visibility 
was reduced and oxidant was ele- 
vated, there was no evidence of ozone 
damage to the test plants. 

Pinto bean plants were exposed 
during 1956 in specifically designed 
exposure boxes which allowed for 
controlled lighting, air flow rates, and 
minimum temperature. Plants were 
placed in boxes which received na- 
tive air, filtered native air plus ozone 
generated from oxygen in a glass 
electrical discharge cell, and native 
air which also received ozone. Leaves 
of plants in the activated carbon- 
filtered air were free from injury 
when those in unfiltered native air 
were damaged. Leaves of beans in 
filtered native air to which ozone 
was added to produce an oxidant of 
about 0.25 ppm. developed typical 
ozone damage. Ozone damage symp- 
toms appeared on leaves of bean in 
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area typica 


the boxes receiving native unfiltered 
air to which ozone had been added 
on days with low natural oxidant, 
but on days with elevated natural oxi- 
dant, the smog damage was increased 
and ozone injury did not occur. 

These observations may account 
for the absence of naturally occurring 
ozone damage in that, although the 
plants are susceptible to ozone in- 
jury, the ozone is sufficiently low on 
days of low oxidant to be nontoxic, 
and on days of elevated oxidant the 
ozone preferentially reacts with com- 
pounds in native air to produce smog- 
type plant toxicants to the exclusion 
of ozone injury. 

Although the oxides of nitrogen 
are a part of urban air pollution, they 
are not generally considered to be 
injurious to vegetation. They usual- 
ly occur in relatively low concentra- 
tions, not exceeding 0.2 to 0.3 ppm. 
expressed as nitrogen dioxide. Bene- 
dict and Breen‘) report that the 
most sensitive species they studied 
were injured by 20 ppm. and that 
the least sensitive ones were damaged 
by 50 ppm. Symptoms consist of ir- 
regular, white to brown, collapsed 
lissue near the margins. 

The authors have found that the 
pinto bean is much more sensitive to 
nitrogen dioxide than are the weeds 


of ozone damage; right, lower surface showing glazing typical of ozonated olefins. 


reported on by Benedict and Breen. 
The threshold concentration for dam- 
age was about 3 ppm. for 4- to 8-hr. 
fumigation. Leaves were completely 
damaged after a 2-hr. exposure to 30 
ppm, In these experiments the injury 
symptoms were indistinguishable 
from those produced by sulfur di- 
oxide, though 3 to 4 times the con- 
centration of nitrogen dioxide was 
required to produce comparable dam- 
age. 


Ethylene 


Ethylene occurs as a gaseous con- 
taminant in air from chemicals man- 
ufacture, vehicular traffic, and other 
combustion effluents such as incin- 
erator gases. 

Leaves of some plants, such as 
marigold, do not develop normally 
in the presence of 5 pphm. of ethylene 
in the air, whereas 10 pphm. cause 
leaf abnormality in tomato. Leaf ir- 
regularities and poor flower forma- 
tion occur in narcissus and tulip at 
concentrations above 400 pphm. Fail- 
ure of carnation flowers to open prop- 
erly and flower drop in snapdragon 
have been attributed to the tixicity of 
ethylene. 
not appreciably affected by ethylene, 
but the sepals of many Cattleya and 
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Phalaenopsis flowers wither and dry 
when exposed to 5 ppb. (parts per 
billion) (Fig. 6). 


Although ethylene affects the 


flowers of several plants, the gas did 
not produce damage on pinto bean 
leaves which were fumigated with 42 
ppm. for 38 min. 


Miscellaneous 


Other gases which cause damage to 
vegetation, listed in decreasing order 
of their toxicity, are chlorine, am- 
monia, hydrogen sulfide, and carbon 
monoxide.‘'7) Chlorine is somewhat 
more toxic than sulfur dioxide, about 
1/3 to 1/2 the amount being required 
to cause damage, but the symptoms of 
injury from the two gases are quite 
similar. Injury from ammonia differs 
from that of other gases in that the 
whole leaf is affected rather than any 
particular area. Hydrogen sulfide in- 
jury differs in that the youngest 
leaves of affected plants are damaged 
rather than the older leaves. Zim- 
merman reports that plants are sensi- 
tive to about 500 ppm. of carbon 
monoxide and that, at that concen- 
tration, animals would be killed by 
it in a short time. 


Although the gases mentioned 
above are injurious to plants, they 
are usually not considered significant 
because their emission arises from ac- 
cidental losses and concentrations are 
not sufficiently high to cause damage. 

Mercury vapors arising from two 
sources have caused serious damage 
to greenhouse roses. In one instance 
the vapors came from bichloride of 
mercury which had been applied as a 
soil drench;''*) in the second the 
vapors came from paint containing 
phenyl mercuric compounds.) In 
this case, concentrations of 0.008 
ppm. were detected and the injured 
rose leaves had absorbed up to 3.3 
ppm. of mercury on a fresh weight 
basis. 


The recent and spectacular devel- 
opment of organic herbicides has 
created an air pollution problem 
through the drift of the chemicals 
during field application. Very small 
amounts of the volatile esters of 2,4-D 
and related materials are carried in 
wind currents some distance from 
the site of application and have 
caused serious damage to crop plants 
on which they were not intended to 
be applied.®’ It is estimated that 1 
g. of 2,4-D could produce deforma- 
tion on all of the plants in a 25-acre 
field of cotton. 

From the foregoing discussion it 


is apparent that vegetation is dam- 
aged by polluted atmospheres and 
that economic losses annually amount 
to millions of dollars throughout the 
nation. Plants are useful for the 
identification and distribution of spe- 
cific atmospheric contaminants. They 
can also be used in estimating the 
levels of pollution as well as provid- 
ing a passive collection system for 
subsequent chemical analysis. 

We acknowledge with sincere 
thanks the support of the Smoke and 
Fumes Committee of the American 
Petroleum Institute and the Project 
Advisory Committee. We believe 
that the project will contribute much 
knowledge in the field of plant dam- 
age by polluted atmospheres. 
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An Experimental Study of Ragweed 


Pollen Penetration* 


A. NELSON DINGLE AND E. WENDELL HEWSON 


The problem of the penetration of 
small particles, such as ragweed poll- 
en, into structures is one phase of the 
highly complex general problem of 
the natural ventilation of structures. 
This complexity arises because the 
rate of natural ventilation varies not 
only with the size, design, and struc- 
tural details of a building but also 
with meteorological conditions. 

Earlier studies have been primarily 
concerned with the rate of ventilation 
as obtained by using a gas such as 
carbon dioxide as a tracer substance. 
A measured mass of the gas is re- 
leased in the room or building under 
study, mixed thoroughly as by an 
electric fan, and the rate of decrease 
of concentration with time measured. 
A critical review of research in this 
area up to 1935 has been presented 
by Masterman, Dunning, and Dens- 
ham (1935). A large bibliography 
on the subject to 1940 has been given 
by Radiation Ltd. (1942), methods 
of measuring ventilation have been 
described by Lidwell and Lovelock 
(1946), and a comprehensive analysis 
of natural ventilation has been pre- 
pared by Bedford (1948). Another 
bibliography is to be found at the end 
of Chapter 11 on /nfiltration and Ven- 
tilation in the ASHVE Heating Ven- 
tilating Air Conditioning Guide 1954. 
Recent research using the gas tracer 
technique has been published by 
Carne (1946); calculations of the 
penetration of pollution into an ordi- 
nary room have been made by Cour- 
voisier (1950); and Georgii (1954) 
used simultaneous interior measure- 
ments of both gas (COs) and an 
aerosol (CaCl,) in an attempt to sepa- 
rate the 2 components of air ex- 


* Presented at the 50th Annual Meeting of 
The Air Pollution Control Association, 
June 2-6, 1957, St. Louis, Mo. 


+ This research was conducted with the 
support and sponsorship of the Geophys- 
ics Research Directorate of the Air Force 
Cambridge Research Center, under Con- 
tract No. AF 19(604) -792. 


MAY, 1958 


University of Michigan 
Ann Arbor, Michigan 


change: ventilation through the walls 
and ventilation through cracks, clefts, 
and chinks. 

The present paper gives the meth- 
ods used and the general results ob- 
tained from experimental studies of 
the penetration of ragweed pollen 
into test structures as part of the proc- 
ess of natural ventilation. The ques- 
tion of penetration of particulates into 
buildings is of primary importance in 
the evaluation of air pollution prob- 
lems. For example, it has an impor- 
tant bearing in determining appropri- 
ate actions to be taken under severe 
smog conditions. The effectiveness of 
buildings as pollen refuges is of con- 
cern to the millions of persons who 
suffer from hay fever and asthma. 
The health problems involved have 
been described by Hewson (1955) 
and some of the meteorological im- 
plications have been discussed by 
Dingle (1953, 1955, 1957). The size 
uniformity of pollen such as those of 
ragweed makes these particles most 
useful for experimental purposes: 
the ragweed pollen in these experi- 
ments have diam. in the range 18 to 
20. Relatively little has been pub- 
lished on the behavior of particles in 
this size range. 


Preliminary Experimentation and 
Results 


The site of the first experiments 
conducted was the roof of the East 
Engineering Building of the Universi- 
ty of Michigan at Ann Arbor. The 
test structure consisted of 2 small ad- 
jacent rooms located on the roof: one 
room was used for the actual pene- 
tration studies; the adjacent room 
housed the instrumentation required. 
The experimental procedure, stated 
briefly, was as follows. Ragweed was 
first removed from the air of the test 
room by operating a high-volume bag 
filter. Then 150 /. of air were drawn 
simultaneously through millipore fil- 
ters during each of a series of 15-min. 
intervals: one group of millipore fil- 


16 


ter units was located in the test room; 
another filter was located just outside 
the window of the test room. An os- 
cillating electric fan stirred the air 
in the room during certain of the 
tests. Two meteorological instru- 
ments were also located outside the 
test room near the window: a bridled- 
cup gust accelerometer of the type de- 
veloped by Hewson and Gill (1944) 
measured atmospheric turbulence, and 
the Beckman-Whitley anemometer de- 
scribed by West (1952) measured the 
wind speed. The pollen caught on 
each filter was counted under the mi- 
croscope using 100X magnification. 

The above procedures were de- 
signed to determine rates of penetra- 
tion as functions of wind speed and 
turbulence by first reducing pollen 
concentrations in the test room to zero 
by means of the bag filter and then 
measuring the rate of increase of 
pollen concentration in the room as 
the pollen penetrated from outside. 
This rate of increase is, of course, de- 
pendent on outside concentrations of 
pollen as well as on meteorological 
variables. These first tests were con- 
ducted in August and September of 
1954 during the regular ragweed 
pollen season, and indicated that the 
methods, suitably modified, would be 
satisfactory. 

It was then decided that some con- 
trol of exterior concentrations would 
be advantageous. A pollen dispenser 
was therefore developed and used to 
bathe the test structure with pollen 
for short periods of time during the 
spring of the year when natural 
sources of ragweed pollen were ab- 
sent. The external pollen distribution 
was monitored by a three-dimensional 
array of microscope slides on which 
pollen was impacted by the wind and 
later counted under the microscope. 
Pollen concentrations inside were 
measured as before. The results of 
one such test are given in Table I. 
Zero time in the table corresponds 
with the beginning of emission of 
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TABLE | 
Volumetric Pollen Counts in Test Room, May 16, 1955 


| Average | Average 
| Bric wind Total gusts | 
| (mi./hr.) | rate ks 
1 | 0-3 | 94 3.8 | 37 
3 6-9 12 3.6 | 43 er 
4 | 9-12 64 0.642 
5 12-15 1 4.7 70 0.897 
6 | 15-18 0.420 


pollen by the dispenser, which lasted 
1 min. 50 sec. Turbulence is repre- 
sented by Total Gusts; this charac- 
terization of turbulence is described 
below. Average Ventilation Rate is 
defined as the number of air changes 
in the test room/unit time, in this 
paper/min. The last two values of the 
average ventilation rate are obviously 
questionable because the samples 


were too small for reliable results. 
The first three, however, are relative- 
ly firm values. 


Full details of this preliminary ex- 
perimentation have been given by 
Hewson and Dingle (1956) ; the dis- 
tribution of pollen released from the 
dispenser shows features of consider- 
able interest which will be published 
elsewhere. 


Experimental Facilities and Procedures 


Experience acquired in the experi- 
ments on the roof of the East Engi- 
neering Building suggested that the 
wind field over the roof-top test sites 
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(Left) Fig. |. 
Campus field site showing results of rag- 
weed survey. Contours are drawn for | ft. 
intervals. 


(Above) Fig. 2. 
the North Campus. 


was so disturbed by local obstructions 
and general turbulence around the 
building that a new site should be lo- 
cated and equipped for the 1955 
ragweed-pollen season. Upon inquiry 
it was discovered that the project 
could obtain the use of a construc- 
tion field office from the Detroit con- 
tracting firm of Darin and Armstrong. 
A field site was chosen in an open 
meadow on University property ad- 
jacent to the North Campus. This 
meadow was planted with a hay crop 
which was harvested just prior to the 
ragweed-pollen season, so the rela- 
tive absence of ragweed-pollen 
sources in the meadow itself was as- 
sured. 

(i) The North Campus Field Site. 
—A topographic map of the area is 
shown in Fig. 1. Contours on this 
map are drawn at | ft. intervals. The 
symbols plotted are the result of a 
botanical survey and indicate the 
concentration of ragweed plants 
(Ambrosia elatior) according to the 
following scheme: 

Abundance is an expression of the 


Topographic map of North 


The field test building on 
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Structural detail of field test build- 


Fig. 3. 
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Fig. 4. Interior view of test room. 


number of individual plants/m.? in 
4 classes: 

A 1-10 plants/m.? 

11-20 plants/m.? 

C 21-30 plants/m.? 

D 31-40 plants/m.? 
Density is a measure of the propor- 
tion of space occupied by the rag- 
weed plants, arrived at by visual es- 
timate and coded in 4 classes: 

(1) 11-25% cover 

(2) 26-50% cover 

(3) 51-75% cover 

(4) 76-100% cover 

The relative paucity of ragweed 
plants in the vicinity of the test site 
is evident from this map. 

(ii) The Experimental Structure. 
—The test house is shown in Fig. 2. 
It is of frame construction, relatively 
well-built for a field-office type of 
building, and differing from conven- 
tional frame structures mostly in that 
it is built upon heavy skids and 
strengthened for portability. Struc- 
tural characteristics are given in Fig. 
3. Overall dimensions are 12 x 20 ft. 
The windows and doors are placed 
symmetrically in the west, south, and 
east-facing walls, the north wall hav- 


Fig. 6. Twelve-head sampling unit on scaf- 
fold outside field test building. 
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Fig. 5. Interior view of instrument room. 


ing no openings. To provide suitable 
separation of the test-room portion 
(Fig. 4) and the instrument room 
(Fig. 5), a plywood partition was in- 
stalled 8 ft. from the east end. The 
test room was therefore 12 ft. square 
in plan and 7 ft. high, with 1 win- 
dow (double hung, 26 in. x 54 in.) 
in the west wall and 1 in the south 
wall, besides a door (34 in. x 80 in.) 
in the south wall. 

(iii) The Instrumentation. — The 
test room was equipped with 4 12-in. 
diam. oscillating fans, 1 in each cor- 
ner and directed toward the center 
of the room, for the purpose of stir- 
ring the air thoroughly during all 
sampling runs. The simplicity of the 
room shape, absence of furniture, and 
intensity of stirring provided by the 
4 fans combined to assure representa- 
tive sampling. 

Two electrostatic precipitators 
(Fig. 4) were used during the clean- 
ing operation between tests. In ad- 
dition, hand cleaning was done, and 
a vacuum sweeper was used. The 
samplers were hung in the center of 
the test room at a height of 6 ft. 
above the floor, as shown in Fig. 4. 
The outdoor air samplers were hung 
from a scaffold (Fig. 2) at a height 
of 7 ft. above the ground and about 
8 ft. from the south wall of the test 
house. The Beckman-Whitley ane- 
mometer was erected nearby at a 
level of 8 ft. above the ground. 


The electrical timers controlling 
the sampling valves and the pumps, 
the Beckman-Whitley wind-speed re- 
corder, and the Eberbach pumps 
were housed in the instrument room 
(Fig. 5). In addition, this room con- 
tained facilities for mounting the 
millipore filters on microscope slides 
and a microscope with accessories 
for counting the samples obtained. 
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Fig. 6 is a close view of the outside 
12-head sampling unit in place; a 
cross section of the sampling head is 
shown in Fig. 7. The 12-head unit 
is an assembly of samplers connected 
to the air tube through individual 
solenoid valves. By means of the 
electrical control, the solenoid valves 
were opened one at a time for the de- 
sired sampling period. Simultaneity 
of sampling inside and outside the 
test room was obtained by connecting 
the respective inside and outside sam- 
pling valves in parallel to a 12-v. d-c 
supply through the timer. 

(iv) The Experimental Procedure. 
—Before the beginning of each test, 
the test room was closed and cleaned 
thoroughly, using a vacuum cleaner. 
During the cleaning both the fans and 
the electrostatic precipitators were op- 
erated, and these were left in opera- 
tion for at least 45 min. The test was 
then begun by shutting off the pre- 
cipitators and starting the timing 
system and the wind-speed recorder. 
The timers were adjusted in advance 
to give the desired sampling periods 
and to shut off all electricity auto- 
matically after the completion of the 
test. Corresponding samplers out- 
side and inside the test room were 
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Fig. 7. Cross section of single sampler head. 
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operated simultaneously in all the 
tests. 

Upon completion of a test, the fil- 
ters were removed from the sampling 
heads and mounted on standard | x 3 
in. microscope slides. The samples 
were protected with cover glasses and 
stored for later counting. In the 
counting operation, a 100-fold mag- 
nification was used and the entire 
area of each filter was examined. 

The controlled variables in the ex- 
periments were (1) duration of in- 
dividual sampling periods: 5 min., 
‘0 min., and 15 min.; (2) window 
ypenings: none, | in., 3 in., and 12 
in.; and (3) speed of rotation of stir- 
ring fans in test room: high, 1; me- 
dium, 2; and low, 3. Measured vari- 
ables were: wind speed, which was 
recorded continuously during each 
test, using the Beckman-Whitley 
anemometer; wind direction, which 
was observed visually; the neighbor- 
ing distribution of ragweed plants; 
and the pollen concentrations inside 
and outside the test room. 


Preliminary Analysis 


In analyzing data of this type, the 
first step was to reduce them to ap- 
propriate averages. This served the 
double purpose of summarizing the 
data in a condensed form and of 
smoothing variations which otherwise 
tend to mask the effects one wishes 


field tests is presented in Table II. 
Note that in this table, conditions, 
both controlled and _ uncontrolled, 
vary between tests, so that care must 
be exercised in interpreting the fig- 
ures. 


A second step in the analysis is 
represented by Fig. 8, which shows 
graphically the relation of the rag- 
weed pollen penetration rate as rep- 
resented by the ratio x/m to the wind 
speed for nine tests in which the win- 
dows of the test room were closed. 
The tests plotted here are numbers 
1-3, 9-11, and 17-19, inclusive, in 
Table II. 


It is important, in this presenta- 
tion, to use the ratio of the inside 
pollen counts x to the outside pollen 
counts m for a number of reasons. 
In the first place, these tests were 
made under natural conditions, that 
is to say, the level of atmospheric 
pollen concentration was entirely de- 
termined by natural variables. These 
include the mechanism whereby the 
pollen grains are released by the 
plants, the time and space distribu- 
tions of turbulent eddies in the wind 
field, and the rate of mixing of the 
pollen grains through the air. The 
atmospheric concentrations of pollen 
were therefore highly variable 
throughout these tests. Secondly. the 
pollen concentrations inside the test 
room were dependent upon both the 


to observe. Such a summary of the concentrations borne by the ventila- 
TABLE II 
Ragweed Pollen Penetration Tests, Summer, 1955 

Time *Kind | Window Avg. pollen count Avg. wind 

Test | Date Fan (no./sample) 
No. 1955 (see opening speed speed 

3 Beg. End | Key) (in.) Outside | Inside | (mi./hr.) 
1 | 8/20 | 9:30a.- 8:45p, A 0 2 15.6 7.5 8.3 
2 |8/20-21) 10:30p.- 9:45a. A 0 2 36.6 6.4 5.2 
3 8/21 | 12:00n.-11:15p. A 0 2 31.4 4.7 5.7 
& | 8/24 | 2:00p.- 3:05p. B 12 2 89.9 40.2 3.6 
5 8/24 4:30p.- 6:30p. CG 12 2 94.4 40.4 4.6 
6 8/26 | 10:00a.-11:00a. B 3 2 53.5 14.5 3.3 
7 | 8/26 | 2:00p.- 3:00p. B 3 2 54.5 25.4 4.9 
& 8/26 4:00p.- 5:00p. B 3 2 50.3 13.3 3.2 
9 8/30 2:50p.- 3:50p. B 0 2 19.7 19.1 15.1 
10 8/30 4:40p.- 5:40p, B 0 2 10.5 7.2 13.5 
11 8/30 6:30p.- 7:30p. B 0 2 ik 4.3 8.9 
12 | 8/31 | 11:05a.-12:05p. Bb 1 2 31.4 24.0 9.9 
13 8/31 1:00p.- 2:00p. B 1 2 20.3 14.4 9.4 
14 | 8/31 3:00p.- 4:00p. —B 1 2 23.9 12.4 9.7 
15 | 8/31 4:45p.- 5:45p, BR 1 1 78 5.6 9.0 
16 | 8/31 6:30p.- 7:30p, B 1 3 5. 4,2 6.6 

12:06p.- 3:01p. D 0 2 47.] 10.5 
18 | 9/1 4:20p.- 7:15p. D 0 2 38.0 5.8 4.1 
19 9/1 8:00p.-10:55p. D 0 2 33.8 5.8 2.0 
20 9/2 6:23a.- 9:18a. D 1 2 29.3 3.8 1.9 
21 9/2 9:50a.-12:45p. D 1 2 25.5 19.1 4.6 
22 9/2 1:24p.- 4:19p. D 1 ej ie 9.3 4.9 


‘Kind of test, key: 


A. 12 — 15-min. samples with 45-min. lapse between. CC. 
B. 12 — 5-min. samples with no time lapse between. D. 


12 — 10-min. samples with no time lapse between. 
12 — 10-min. samples with 5-min, lapse between. 


tion air and the rate of ventilation. 
both of which were dependent in one 
way or another upon the wind speed 
and air turbulence. The ratio of in- 
side to outside concentrations pro- 
vides a means for eliminating many of 
the detailed considerations of release 
and transport of the pollen grains and 
for reducing the problem to the direct 
consideration of ventilation and pene- 
tration. 

Fig. 8 indicates that wind speeds 
below 6 mi./hr. were about uniform- 
ly effective for ventilating the closed 
test room, and that above 6 mi./hr. 
to the limit of the data (15.1 mi./hr.) 
the ratio x/m increased nearly lin- 
early from 20% to nearly 100%. 
This particular finding is of consid- 
erable interest and merits further 
study. 


Analysis of Wind Behavior 


As indicated above, the behavior of 
the wind is fundamental to the proc- 
esses of ventilation and penetration. 
On the one hand. the character of the 
wind determines the level of con- 
tamination of the outdoor air as re- 
gards pollen in this particular case. 
On the other, it is expected to influ- 
ence the rate at which air enters the 
test room from outside and that at 
which air is removed from the test 
room. 

The variability of the wind speed 
is a characteristic that appears perti- 
nent to the problem at hand. One 
measure of this variability is the to- 
tal gustiness, G, which is defined in 
terms of the number and magnitude 
of the fluctuations of the wind speed 
about the mean for the sampling pe- 
riod. Specifically, the definition 

G=n+n3+ 
was adopted. Here the subscripts 
designate the respective categories of 
wind speed variation (+2, +3, +4, 
+5 mi./hr. relative to the period 
mean) and n is the number of gusts 
(accelerations and/or decelerations) 
in each of these categories. A typical 
wind trace is shown in Fig. 9, which 
also illustrates the method of obtain- 
ing the sampling period mean, v, 
the gust count, and the total gustiness, 
G. Fig. 10 shows the relation of G 
to v for all the 5-min. periods of the 
field experiment. 


Pollen Penetration 


The superficial studies of the ratios 
of inside to outside pollen concentra- 
tions serve to indicate that the pene- 
tration of pollen grains into the test 
room is related to wind speed and 
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Fig. 8. Ratio of inside pollen count x to 
simultaneous outside pollen count m in rela- 
tion to mean wind speed v. Windows 
closed; each circle represents the average 
of 12 samples. 


gustiness. To develop the analysis 
further some considerations of the 
physical relationships involved are 
introduced. 

It is anticipated that insofar as 
pollen grains penetrate into the test 
room, they do so by virtue of the ex- 
change of air between the room and 
the outside. This means that the in- 
crease or decrease of the pollen con- 
centration inside the room must be 
directly proportional to the difference 
between the concentration outside and 
that inside the room. The ventilation 
rate k expresses the rate of exchange 
of air between the atmosphere and 
the test room, in air changes/min., 
so again the change of pollen concen- 
tration in the room must be directly 
proportional to this ventilation rate. 

(i) The Ventilation Rate, k.—The 
primary experimental factors affect- 
ing the value of k are: (a) the amount 
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Fig. 10. Total gustiness G in relation to 
average wind speed v. 


Fig. 9. Sample wind 
speed record and an- 
alysis. Test No. 18, 
Sample No. 5, 17:20- 
17:30, | Sept. 1955. 
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of crackage of the test room, (b) the 
amount of opening at the windows, 
and (c) the wind speed. A number 
of secondary factors may also be con- 
sidered: (d) the degree of gustiness 
of the wind, (e) the wind direction 
and its variability, and (f{) the speed 
of rotation of the fans in the test 
room. Of these factors, (a) is un- 
known, but usually assumed constant, 
and hence subject to deductive de- 
termination if other factors remain 
reasonably constant in a few cases; 
(b) is known and constant for each 
test, but varied from one test to an- 
other (see Table II); (c) is observed 
and reduced from the detailed wind- 
speed record; (d) is estimated statis- 
tically from the detailed wind-speed 
record; (e) is observed only occa- 
sionally and hence cannot enter the 
computations, but the omission of this 
factor from the initial calculations is 
justified by the findings of Georgii 
(1954), Warner (1940), and Well- 
ner (1932) that wind direction is dis- 
tinctly subordinate to wind speed in 
its effect upon ventilation rate; and 
(f) is known and constant for each 


test (see Table II). 
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Fig. II. Ventilation rate k, as a function of 
mean wind speed v for closed windows. The 
ventilation rate k, was computed from the 
equation given at the upper left, for x con- 
stant with time; w is falling speed of rag- 
weed pollen, 3 ft./min.; and h is height of 
test room. 
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(ii) The Relation of Wind Char- 
acteristics to the Ventilation Rate.— 
The relation of & to the wind speed 
was explored by constructing graphs 
(Figs. 11, 12, 13 and 14) of k vs 
for each of several window openings. 
The subscript 1 indicates that these 
values of k were computed from tests 
in which the test room pollen concen- 
trations remained constant. In Fig. 
11, the data for tests 17, 18, and 19 
(below 7 mi./hr.) are separated from 
those for tests 9, 10, and 11 (above 
9 mi./hr.). The fact that the latter 
are much more broadly scattered than 
the former suggests that some factor 
other than just wind speed (such as 
increased instability near the ground) 
contributed to the scatter of points at 
the higher wind speeds. The present 
analysis is confined to wind-speed 
considerations because no adequate 
data on stability are available. Fig. 
12 and 13 show better continuity of 
the population of points partly be- 
cause the wind-speed ranges of these 
graphs are narrower than that of Fig. 
11. The similarity of these graphs 
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Fig. 12. Ventitation rate k, as a function of 
mean wind speed v for windows open | in. 
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Fig. 13. Ventilation rate k, as a function 
of mean wind speed v for windows open 3 in. 


to Fig. 8 indicates that the ratio x/m 
is a reasonably valid index of the 
ventilation. 

Comparing Fig. 11, 12, 13, and 14, 
k, is seen to be an increasingly sensi- 
tive function of low wind speeds for 
progressively greater window open- 
ings. That is to say, the low wind 
speed portion of these graphs assumes 
increasing slopes as the window open- 
ings increase. The upper portions of 
the graphs appear to be somewhat 
less sensitive to the amount of win- 
dow opening. 

The possibility that there may be 
2 different ventilation regimes is sug- 
gested by the 2 broken lines drawn 
roughly in Fig. 12 and 13. At low 
wind speeds there appears to be an 
approximately linear relation of k; 
to v, whereas at higher wind speeds a 
different and much steeper curve 
seems to relate the two. One inter- 
pretation of this distribution of points 
is that possibly the relation of k, to 
v is more properly a quadratic than 
a linear one. 

Although there are not enough 
pairs of values of k; and v to make 
an adequate statistical evaluation of 
this possibility, there are many more 
values of the ratio x/m and, as indi- 
cated above, this ratio may be taken 
as an index of ventilation, Accord- 
ingly, least squares methods were 
used to fit quadratic equations to the 
data, x/m being expressed as a per- 
centage and v in mi./hr., with the 
following results: 

(a) windows closed, n — 117 

sample pairs 
x/m = 16.69 + 1.39» + 
0.32 


(b) windows open 1 in., n = 88 
x/m = 4.26 + 14.45 v — 
0.60 v? 
(c) windows open 3 in.,n = 34 
x/m = —23.56 + 20.31 
v — 0.92 v? 
The constant terms in these equa- 
tions, taken with the coefficients of 
v, are more properly to be consid- 
ered indicative of the slope of the 
curve at low values of v than repre- 
sentative of a hypothetical value of 
x/m when v = 0. 

For case (a), windows closed, the 
curve is as anticipated, its slope in- 
creasing with increasing values of v. 
For the other two cases, windows 
open, the curvature is reversed and 
by virtue of the large coefficients of 
v, the effect of v? within the range 
of wind speeds encountered is quite 
small. This result suggests that linear 
equations are more appropriate for 
the range of wind speeds shown when 
the windows are open 1 in. or more. 
For the case when windows are 
closed, the v? term begins to exceed 
the v term at about 4.5 mi./hr. and 
becomes increasingly important there- 
after. 


This analysis contrasts with the 
earlier one which seemed to suggest 
two wind regimes for each window 
opening (Fig. 12 and 13). The sug- 
gestion of the above equations is 
rather that the ventilation regime 
with windows closed is basically dif- 
ferent from that with windows open. 
Physical reasoning supports this lat- 
ter view. A dependence of ventila- 
tion on v? is to be expected only 
when the wind is in effect stopped as 
by a solid object, so that the kinetic 
energy of the moving air, 4 pv”, is 
transferred to the object and thus 
exerts a dynamic pressure on it, lead- 
ing to increased pressures on its 
upwind face and to lowered pressures 
on its downwind face Air moves 
through cracks and chinks in response 
to such pressure differences but vis- 
cosity reduces the flow so much that 
the closed building acts effectively as 
a solid or slightly porous body. On the 
other hand, even with a window open- 
ing as small as 1 in., the air flow is 
relatively free through the room in 
comparison with the flow with win- 
dows closed, and the ventilation tends 
to approach proportionality to v rath- 
er than to 

It is of interest to compare this 
analysis with that of Georgii (1954), 
who found that ventilation of a closed 
room was given by an expression of 


the form a + bv?. 
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Fig. 14. Ventilation rate k, as a funciion of 
mean wind speed v for windows open 12 in. 


Further analyses of the results of 
the present investigation will be pub- 
lished elsewhere. 


Results and Conclusions 


An experiment in which ragweed 
pollen were disseminated artificially 
outside the natural season for rag- 
weed pollination was performed. On 
the basis of this experiment, 3-min. 
samples taken inside the test room 
showed a ventilation rate of the order 
of 0.6 to 0.7 air changes/min. 

In field experimentation during the 
ragweed pollination season, the situa- 
tion was much more complex, and 
evaluation of ventilation rates on the 
basis of pollen penetration data was 
less satisfactory. Ventilation rates 
computed from these data range be- 
tween 0.04 and 3.87 air changes/min. 
under wind speeds ranging from 1.50 
to 17.35 mi./hr. and with test condi- 
tions varying from windows closed 
to windows open 12 in. 

Studies of the ventilation rate as a 
function of wind speed and window 
opening revealed several interesting 
functional relationships which should 
be examined in additional experi- 
ments and analysis. 
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The Formation of Aerosols by Irradiation 
of Dilute Auto Exhaust* 


The possibility that considerable 
portion of the aerosols causing loss of 
visibility in Los Angeles County 
originate from photochemical re- 
actions in the atmosphere?) has re- 
ceived some experimental support. 
Haagen-Smit'7) has demonstrated 
that aerosols result from irradiation 
of mixtures of hexene, cyclohexene, 
or dicyclopentadiene and nitrogen 
dioxide at concentrations of a few 
parts per million in air. The same 
phenomenon could occur in the at- 
mosphere because of the presence of 
hydrocarbons and oxides of nitrogen. 

Auto exhaust is considered to be a 
major source of pollution in the Los 
Angeles basin at the present time. 
Another study is presently underway 
at these laboratories on the relation- 
ship between auto exhaust and eye 
irritation. Examination of the diluted 
exhausts offers a convenient method 
of determining whether aerosols form 
as a consequence of photochemical 
reactions which are induced to occur 
in this medium. The system also al- 
lows investigation of the dependence 
of aerosol formation on the composi- 
tion of the dilute exhaust and the 
determination of some of the prop- 
erties of the generated aerosol. 


Equipment and Instrumentation 


Preparation of Exhaust-Air Mixtures 


The equipment used to prepare and 
irradiate a dilute mixture of auto ex- 
haust and air for eye irritation 
studies has been described in detail 


in a previous report''’ and in a 


*Presented at the 132nd National Meeting 
of the American Chemical Society, Sep- 
tember 8-13, 1957, New York, New York. 


of APCA 


G. J. DOYLE 
Stanford Research Institute 
South Pasadena, California 


N. A. RENZETTI 
Air Pollution Foundation 
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paper presented at this symposium 
(15). Briefly, air is purified to a de- 
gree by combustion of all organics 
over a platinum catalyst and by filtra- 
tion through a carbon filter. The 
purified air is mixed with the exhaust 
and forced through a 520 ft. irradia- 
tion chamber. After an average resi- 
dence time of 1 hr. in the chamber, 
the mixture is analyzed for its eye 
irritating properties and for its con- 
tent of hydrocarbon, carbon monox- 
ide, nitrogen dioxide and nitric oxide. 
The controlled variables are the con- 
centrations of four types of exhaust 
(idle, acceleration, cruise, and de- 
celeration), relative humidity, tem- 
perature during irradiation (27 + 
2C), and light intensity (near ultra- 
violet which is comparable to noon 
sunlight on a winter day). 


Aerosol Instrumentation 


The aerosols in the exhaust-air 
mixtures were studied by means of 
two instruments: a counter photo- 
meter, which combines the functions 
of a recording light-scattering photo- 
meter and an electric particle counter 
42,13) and a nuclei counter, which 
is a cloud chamber of variable ex- 
pansion ratio combined with turbidi- 
meter. The counter photometer dif- 
fers from the previously described 
(12.13) instrument only in electronic 
circuitry. 


The Counter Photometer 


Description 

When operating as a_ recording 
light-scattering photometer, the coun- 
ter photometer records light in the 
wavelength region of 375 to 575 
mp. scattered into a conical solid 


angle 90° to the convergent incident 
illumination. The flowing aerosol 
which scatters light occupies the sens- 
ing volume previously defined'!?:'*), 
This volume is 2.0 yl. as determined 
by the flow tube diam. (1.59 mm.) 
and the dimensions of the illuminat- 
ing and viewing slits (2.0.x 1.0 mm.). 
(The scattering volume is 4.0 yl.) 

When operating as a counter, the 
counter photometer sorts and counts 
the 1-millisecond voltage pulses at 
the photomultiplier anode caused by 
light scattered by individual particles 
of aerosol passing through the sens- 
ing volume. The pulses are classified 
into 11 classes according to height. 
It is usually necessary to dilute the 
aerosol sample with filtered air to 
avoid large coincidence errors. 

Sampling, dilution, and flow 
through the counter are controlled by 
an aerosol flow system. The system 
used was based on the principles de- 
scribed by O’Konski et al.''*). The 
advantages of this system are: (1) 
the aerosol is diluted with air which 
differs from the aerosol only in the 
absence of particulates, thus suppress- 
ing change of size due to condensa- 
tion and/or evaporation, and (2) 
the sample streams are not passed 
through capillaries or orifices for 
metering, thus avoiding possible loss 
of aerosol in the flow meter. 


Calibration 


The counter photometer was cali- 
brated with spray-dried dilute poly- 
styrene latex Table 
I shows the data obtained with three 
particle sizes. All signals are re- 
ferred to photomultiplier anode cur- 
rents and are normalized by division 
with the current due to light scatter- 
ing by air in the scattering volume. 
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TABLE I. 
Calibration Data 
Latex Properties* Calibration Data 
: Pulse Ratio of Pulse 
Dow Run Diam. Standard Number of to Air- Scattering Standard 
No. i” Deviation, % Measurements A. x 10° Cuteent * Deviation, % 
LS.061-A 0.365 2.2 438 7.98 2.35 10.8 
8.20 2.46 15.8 
15-N-8 0.511 1.35 359 14.0 4.19 16.0 
14.4 4.31 18.5 
LS.066-A 0.814 1.35 357 32.5 9.74 18.0 


a calibrated pulse generator. 


These data are furnished by Dow Chemical Company. 
The pulse currents are determined by comparing the response of the pulse sorting system to particles with the response of the pulse sorting system to 


dardize instrument response is described in references “2 and “®, The air-scattering current at the 


ec The use of air-scattering ph 


p to 
photomultiplier anode during the calibration was 3.3‘ x 10-*, 


d This standard deviation is based on particle size and not on pulse amplitude distribution. 


instrument at the time of calibration. 


The data of columns 2 and 6 of Table 
I are closely approximated by the re- 
lationship i,/i, = 13.8 D? + 0.62 
where i, = particule pulse current, 
i, = air scattering photocurrent, and 
D = latex particle diam. in ». The 
deviation from a simple proportional- 
ity to the diam. squared, found 
earlier?'*) is probably due mostly 
to the characteristics of the pulse 
widener circuit used in this instru- 
ment. Extrapolation and interpola- 
tion of this relationship allow assign- 
ment of the class boundaries of the 11 
counting channels of the instrument 
as shown in Table II. 


The extrapolated value of the lower 
boundary of channel 1, 0.25 p», was 
checked semiquantitatively by a test 
with 0.264-1 latex hydrosol. The 
statistical precision of the assigned 
boundaries varies from 1 to 5%, as- 
suming validity of the fitted relation- 
ship. The least precise value is the 
lower boundary of channel 1. Devia- 
tion from the fitted relationship may 
occur at large particle sizes around 
1 »'!?), which were not important in 
this investigation. Subsequent drifts 
were compensated by means of pe- 
riodic checks with a calibrated pulse 
generator and by frequent measure- 
ment of the air-scattering signal. 


The class intervals are somewhat 
smaller than justified by the resolu- 
tion indicated by column 7 of Table 
I. This is because the sensitivity was 
increased to the limit set by a signal- 
to-noise ratio'!*-1) near one for par- 
ticles falling into channel 1. 


This calibration enables the size 
distribution of an aerosol of un- 
known optical properties to be ex- 
pressed as the size distribution of an 
equivalent polystyrene latex aerosol. 
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Equivalence is in terms of light scat- 
tering under the conditions prevail- 
ing in the counter photometer. Diam- 
eters measured on this scale should 
be in proportion to true diameters, 
over a restricted range, in the case of 
particles which approximate dielec- 
tric spheres‘®), 

The photometric function of the 
instrument was roughly calibrated 
with the test aerosols of Table I. The 
result was 2i/i, = (6.7 + 2.3) 
10-? N,D,?._ Here i is the photo- 
multiplier anode current due to 
aerosol flowing through the sensing 
volume, and N;, is the number of par- 
ticles of diam. D,;/ml. i,/2 is one- 
half of the photomultiplier current 
due to air in the scattering volume of 
the instrument. (The ratio of scat- 
tering to sensing volume is approxi- 
mately 2). Because of the large un- 
certainty at 95% confidence in the 
numerical coefficient of the above 
equation, it was decided to use the 
value 5.48 x 10-? calculated from 
pulse duration and frequency assum- 
ing rectangular current pulses. This 


It is a direct measure of size resolution for this particular 


relationship is valid in form for any 
aerosol, provided the diameters are 
measured by light scattering using 
the latex calibration for, in a sense, 
this expresses only the relative re- 
lationship between the responses of 
the two functions of the counter 
photometer. 

In addition to the sources of error 
discussed in references?) and (1%), 
there is an additional uncertainty of 
about 5% due to variations of flow 
rate through the instrument. The 
total uncertainty in photometric 
measurements is from 6 to 10%. 

Nuclei Counter 

The calibration used was that 
furnished by the manufacturer in 
the preliminary instruction reanual. 
The size distributions obtained with 
this instrument are those of an 
equivalent aerosol of water droplets. 
Table III shows the diameter and 
supersaturations assigned to 5 posi- 
tions of a piston determining the ef- 
fective expansion volume. The su- 
persaturations required to initiate 
condensation are of more immediate 


TABLE II. 
Assignment of Channel Boundaries 
Channel Boundaries, Class Mark, Class Interval, 

No. Diam. Diam. 

1 0.251 0.295 0.088 

2 0.399 0.388 0.097 

3 0.436 0.482 0.091 

4 0.527 0.568 0.082 

5 0.609 0.662 0.106 

6 0.715 0.758 0.086 

7 020i 0.890 0.178 

8 0.979 1.066 0.174 

9 1.153 1.242 0.177 

10 1.330 1.420 0.179 
Over- 1.509 
pulse 
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TABLE Ill. 
Calibration Data For Small Particle Detector 


Experimental Results 
Light Scattering Data 


Detent Particle Diameter Relative Humidity 
Position Greater Than, u for Condensation, % Fig. 1 shows a typical light-scatter- 
— P ing record obtained during the course 
1 0.2 101 of an experiment in which aerssol 
2 0.04 106 
3 0.012 122 formation was found. The curves 
4 0.0024 258 can be roughly characterized in an 
5 0.0016 400 empirical manner by the 3 time pe- 


Source: Preliminary Instruction Book, Small Particle Detector Type C. N., GEI 44981, June 
1955, General Engineering Laboratory, General Electric Company, New York. 


interest, since in general, the true 
size of the particles will not cor- 
respond to the equivalent water 
aerosol. 


Sampling 


Counter Photometer 


The sample was drawn through 
\4-in. copper tubing from the irradia- 
tion chamber to the intake jet of the 
counter dilution system. Flow rates 
varied between 25 and 250 ml./min. 
Since this study is concerned with 
relatively small particles of low 
inertia, no attempt was made to 
sample isokinetically. 

When counts were made, the sam- 
ple was diluted so as to accumulate a 
total of 2 to 6 thousand counts within 
a period of 5 to 10 min. The dilu- 
tions required ranged from 100 to 
1,000-fold. A blank count was then 
made without sampling. The cor- 
rected total count/ml., obtained by 
subtracting the two rates and multi- 
plying by an appropriate factor, has 
an estimated standard deviation rang- 
ing from 2 to 5% due to counting 
errors alone. Counts per milliliter 
into the various channels have larger 
counting errors which vary inversely 
as the square root of the count‘). 
Coincidence errors ranged from 1 
to 4%, and the counts were not cor- 
rected for them. 


Nuclei Counter 


Samples were drawn from a sampl- 
ing port in the irradiation chamber 
wall through a Tygon tube to the 
instrument in the manner recom- 
mended by the manufacturer. 


Experimental Procedure 


The series of experiments designed 
to investigate the aerosol character 
of irradiated auto exhaust was start- 
ed after considerable work had been 
done with a basic facility of the kind 
described in reference‘'®). In fact, 
the aerosol study was introduced 
while a randomized set of experi- 


of APCA 


ments was being performed to dis- 
cover the relationship between oxides 
of nitrogen, hydrocarbons, relative 
humidity, and eye irritation in ir- 
radiated exhaust mixtures. The de- 
sign happens to be suited to a study 
of the dependence of aerosol forma- 
tion on these same factors. 

The 520-ft. chamber was used as 
a flow reactor. Dilute exhaust flowed 
through the chamber until concentra- 
tions of hydrocarbon and oxides of 
nitrogen had come close to their 
steady-state values. The mercury arcs 
were then turned on; within 2 to 3 
hrs. the concentrations had come 
close to their new steady-tate values, 
and eye irritation measurements were 
made''®’, The light scattering from 
a continuously flowing sample of the 
chamber contents was recorded dur- 
ing each experiment. The continuity 
of the record was occasionally inter- 
rupted by a shift to the counting 
function of the instrument. Meas- 
urements of condensation nuclei con- 
centrations were also carried out dur- 
ing each experiment. 


riods and the 2 light-scattering in- 
crements indicated in Fig. 1. The in- 
crease in light scattering at steady 
state, /\,, was taken as a measure of 
the aerosol formed for each experi- 
ment. Table IV shows the experi- 
ments arranged according to concen- 
tration of oxides of nitrogen and con- 
centration of deceleration exhaust. 
The corresponding increases in light 
scattering, /\,, and eye irritation in- 
dex are also tabulated. Table IV in- 
cludes some analytical data on oxides 
of nitrogen and hydrocarbons. These 
and other analytical data collected 
during these experiments are fully 
discussed elsewhere''*?. 


Table V lists values of the empiri- 
cal parameters for the light-scattering 
record of each of the experiments of 
Table IV. In addition to these ex- 
periments a blank experiment was 
conducted on pure air alone. Light 
scattering remained constant within 
20%. The variations noted were er- 
ratic and showed no correlation with 
irradiation. 


Table VI shows the size classifica- 
tion by the particle counter approxi- 
mately at steady state before and 
after irradiation of the exhaust mix- 
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Fig. |. Light-scattering Record During a Typical Experiment 
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TABLE IV. 


Data Showing Dependence of Light Scattering and Eye Irritation On Exhaust Composition and 
Oxides of Nitrogen in Irradiated Mixtures With Pure Air 


Nitrogen Oxides‘ Hydrocarbons" 
; Relative Exhaust Before After Before After Increase 
pony Composition by Vol.” Irradi- Irradi- Irradi- Irradi- Relative in 90° ae 
No.* Acceler- Deceler- | ation, ation, ation, ation, Humidity Light rg 
f ation Cruise Scattering’ 
146 0 0 0 9 0.37 0.22 9.2 6.9 33 32 
1 0 0 
1 0 18 4 
1 0 18 6 
1 0 18 9 
1 4 18 6 
1 4 18 0 
4 18 4 
1 4 18 9 
1 8 18 0 
1 8 18 4 
4 18 6 
1 5 18 0 
1 8 9 
1 15 4 
1 5 6 
1 15 9 


Experiment number Pp q' 
One unit corresponds to 71 ppm. of exhaust in the final mixture. 

D ined by a p acid p d 

Hyd b were d ined by absorption at 3.4 u and are expressed in terms of an equivalent concentration of n-hexane. 

Light scattering is exp d in Itiples of the scattering from an equal volume of air at ambient temperature and pressure (approximately 25°C. 
and 750 mm. Hg.) 
f Eye irritation was determined by a panel of 5 subj Four 
the index, 


p tnd 


g P i values 


h. ldien Mani. 


Pp classes were used, and the average over the entire panel was used to compute 


d from the exhaust composition. 
(See Table V, next page) 


TABLE VI. 
Particle Counter Data Obtained During the Experiments of Table IV 


Before Irradiation After Irradiation 


‘ Class Mark, 3 
Pagan Channel 1, Total % in Channel Total % in Channel 
0. r 
diam. pe 
ml. 1 2 3 4 ml 1 2 3 4 


27 120 66 24 4.9 18 
24 ey 1810 80 


NI = No information 


MAY, 1958 26 JOURNAL 


| | 
calculate 
tal 
ne 
qu 
13 
| of 
be 
ra 
co 
—— th 
| 146 0.31 120 20 45 14 200 73 19 3.8 18 wi 
130 0.29 210 24 48 2.0 160 73 18 4.0 21 di 
131 0.29 220 26 5.9 26 550 75 19 3.3 13 1, 
143 0.30 100 18 5.0 3.2 190 80 13 3.0 12 th 
137 0.30 250 22 57 | 20 490 75 18 3.2 14 th 
136 0.30 170 24 3.0 22 290 16 18 3.2 14 of 
: 
: 142 0.31 100 22 0.7 25 NI NI NI NI NI e 
| 133 0.30 240 21 38 18 240 74 19 4.0 13 : 
i 140 0.30 190 24 5.2 2.2 1170 80 17 18 0.6 tu 
145 0.31 100 23 5.4 2.9 82 62 26 5.1 28 Cc 
144 0.31 120 23 4.8 26 100 70 20 4.2 24 
- 141 0.31 230 24 64 | 36 360 80 15 2.0 08 N 
139 0.30 190 25 6.0 25 110 67 22 5.6 26 > 
4 132 0.29 220 17 4.4 1.9 1210 84 13 14 0.6 or 
134 0.30 130 | m 
‘ 135 0.29 110 ni 
138 0.30 260 pe 
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TABLE V. 


Empirical Parameters Characterizing the Light-Scattering Records Obtained During 
the Experiments of Table IV 


Time Parameters, 
Experiment 
Number 


Light-Scattering 


Initial 
Increments 


Light 
Scattering A. 


3.7 


Ty illustrated in Fig. 1, is the time required after the arcs are turned on for the scattering 


increment to reach 10% of 4,- 


T,, shown in Fig. 1, is the time elapsed between the 10% and 90% points of A): 
T, is the time required after the arcs are turned on for the light scattering to reach its 


steady-state value. 


4, is the light-scattering increment defined by 2 knees of the recorded curve (see Fig. 1). 
A, is the final steady-state increment in light scattering (see Fig. 1). 


NO means not observed because no appreciable change in light scattering occurred during 


the course of the experiment. 


ture. Only the first 4 channels are 
tabulated, because only in these chan- 
nels were significant changes found. 

Figs. 2 and 3 show the count fre- 
quency histograms for experiments 
131 and 138. Although the percent 
of the particles counted in channels 
beyond channel 4 decreased on ir- 
radiation, the absolute number of 
counts/ml. of undiluted sample in 
these channels remained constant 
within the accuracy of the count. The 
diameter at the class mark of channel 
1, given in Table VI, is a measure of 
the size classification at the time of 
the experiment. The diameter values 
of Table II should be adjusted pro- 
portionally to give class boundaries, 
marks, and intervals prevailing at the 
time of these experiments. 


Condensation Nuclei Data 


No consistent, significant change in 
the concentration of condensation 
nuclei at steady state was noted upon 
irradiation in all of these experi- 
ments. The major portion of the 
nuclei present before irradiation ap- 
pears to come from the added auto 
exhaust. Typical concentrations are 


of the order of 10*/ml. Of these, a 
fraction ranging from 50 to 90% re- 
quired only 101% relative humidity 
to initiate condensation of water. 
More detailed data will not be given 
here because no special effort was 
made to obtain a_ representative 
sample of the aerosols in auto ex- 
haust. 


Although there was no net change 
in nuclei concentration on irradia- 
tion, an interesting transient change 
was noted in some experiments which 
also gave significant aerosol growth 
and eye irritation. (Significant data 
were not taken during all of the ex- 
periments because of experimental 
difficulties). It was observed that 
the nuclei concentration went through 
a transient peak at about the time or 
shortly before the initial rise in light 
scattering was taking place, i.e., at 
the end of Ty of Table V and Fig: 1, 
or sometime during the early part of 
T,. Fig. 4 shows smoothed data ob- 
tained during experiment 131, and 
Fig. 5, the data for experiment 132. 
The rapidity of the change precluded 
obtaining data at intermediate super- 
saturations. 


Discussion 


Irradiation of dilute auto exhaust 
can cause the appearance of aerosol 
particles of sufficient size and in suf- 
ficient numbers to increase light scat- 
tering by an appreciable amount. 
Table IV shows that, generally, in- 
creasing the amount of deceleration 
exhaust and, to a lesser degree, in- 
creasing the amount of oxides of 
nitrogen favor the formation of 
aerosol. Relative humidity had little 
or no effect within the range studied 
(38 to 78%). 


Size Distribution 


The shape of the size distribution 
histograms both before and after ir- 
radiation favors the hypothesis that 
most of the particles in these mix- 
tures are below the counting range of 
the instrument. The sharpening of 
the peak in channel 1 caused by ir- 
radiation indicates that the particles 
so produced are small, and that prob- 
ably the majority are below the 
counting range of the instrument. 
This hypothesis is supported by the 
results of calculating the fraction of 
the photometer reading due to count- 
able aerosol shown in Table VII. The 
values of 2i/i, are interpolated from 
the photometer chart to those times 
when the counting measurements 
were being made. The values of 
> N,D;* were calculated from the 
count data, using the class mark of 
each channel to represent the diam. 
of particles falling into that channel. 
The calculated percentages are sub- 
ject to uncertainties due to error in 
the conversion factor for = N,D,?. 
to losses upon dilution for counting, 
and to other errors. For these rea- 
sons the most significant changes are 
the large decreases in the % counted 
upon irradiation in those cases where 
a significant increase in light scatter- 
ing was found. 

The values of Table VII may be 


used in the relationship, 


k 


-A 2-B 


PA 2i ij 
[a 100i, 100? ia 


to obtain restrictions on the change 
in distribution of the smaller particle 
sizes caused by irradiation. Here. 
the superscripts A and B refer to 
after and before irradiation, P is % 
counted, k is the conversion factor 


Vol. 8, No. 1 


146 24 0.08 0.44 = 25 | 3.3 
= 130 NO Not NO 38 NO NO 
131 >4.6 0.70 | 0.70 35 4.1 8 
143 3.0 0.42 | 0.49 2.4 5.2 9.2 : 
137 3.0 0.20 | 0.20 5.4 8.0 10.0 
136 2.7 0.50 0.57 3.0 5.0 78 
142 NO NO NO 2.1 NO NO a 
133 >4 | 1.0 0.60 | 3.9 2.1 | > 3 
140 3.5 0.40 0.43 5.5 24 |” 30 
145 NO NO No 18 No | NO : 
144 NO No | NO 27 No | NO 
141 3.6 080 | 0.50 5.4 8.2 14 
139 | NO NO NG 4.2 NO | No 
32 | | 0.25 
134 | NO | NO NO | 1.9 ite eee. ; 
135 2.2 1.0 0.6 24 
138 | >25 | 0.73 | 0.84 | 6.2 | 32 | >38 
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Fig. 2. Number Distribution, Experiment 131. 


between N,D,? and 2i/i, (approx- 
imately 5.48 107), and the sum- 
mation is over all particles which are 
not counted. The diameters, Dj, are 
still on the scale established by poly- 
styrene latex extrapolated beyond the 
lower end of the counting scale. For 
example, if it is assumed that the de- 
crease in % counted is due to the ap- 
pearance of 0.2 » particles only then 
the lower bond on the number con- 
centration of these particles may be 
calculated as 3 10° for ex- 
periment 131 and 10 X 10° mi.-! 
for experiment 138. 

The data on count distribution of 
the increase due to irradiation (see 
Figs. 2 and 3 and Table VI) in com- 
bination with the photometric data 
are consistent with the hypothesis that 
aerosol formed on irradiation is near- 
ly monodisperse with an extrapolated 
mean diam. around 0.2 ». The spread 
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in diam. toward larger sizes shown in 
the count frequency histograms’ (Figs. 
2 and 3) could be mostly due to var- 
iation in pulse height caused by in- 
sufficient size resolution of the in- 
strument (see column 7 of Table I). 
The discussion given below of other 
characteristics of the size distribu- 
tion must be considered with this 
possibility in mind. 


Mechanism of Growth 


The source of the aerosol material 
or materials is evidently some sec- 
ondary reaction or reactions in the 
photolysis of these mixtures. The 
generation of aerosol material in the 
primary photochemical act is not 
likely because of the nature of the 
products, i.e., free radicals and ex- 
cited molecules. Until further infor- 
mation can be obtained in the de- 


tailed mechanism of the photolysis 
and the chemical nature of the aero- 
sol material, very little can be added 
to this conclusion. 


The possible connection between 
aerosol formation and the transient 
peak observed in nuclei concentra- 
tion needs further investigation. The 
increase in light scattering is much 
too small at the maximum of the 
transient peak of the larger nuclei 
to correspond to the number and size 
indicated. This suggests that the 
nuclei are hygroscopic. The rapid 
generation of aerosol material fol- 
lowing an induction period might be 
an explanation of the above facts. 
The rate of generation is apparently 
sufficiently rapid to supersaturate to 
the self-nucleation point in spite of 
losses to chamber walls and growth 
on nuclei already present. The small 
particles generated by self-nucleation 
are identified in this model with the 
hygroscopic nuclei measured on the 
nuclei counter. The rate of deposi- 
tion of material on nuclei initially 
present and coagulative processes ac- 
celerate with increasing size until 
steady state is achieved. The super- 
saturation is relieved and the self- 
nucleated particles disappear by pro- 
cess of mass transfer and coagulation 
with the growing larger particles. 
Such an explanation is consistent with 
most of the facts but involves many 
assumptions which are not supported 
by direct evidence. For example. 
self-nucleation may not actually take 
place; instead, it has been suggest- 
ed‘) that the aerosol material in the 
gas phase may promote nucleation of 
water vapor in much the same man- 
ner as hydrochloric acid and other 
hygroscopic vapors promote nuclea- 
tion of water vapor in diffusion cloud 
chambers'‘**?. 


Visibility Reduction 


To obtain the visibility in an aero- 
sol of nonabsorbing dielectric spheres 
from particle size distribution and 
number concentration, the volume 
scattering coefficient, 8, must be cal- 
culated"'’. In the notation used 


here, B X 108 =7 where 


B is in reciprocal centimeters and a 
ml. has been taken equal to 1 cm.*. 
The scattering coefficient, Ki, is a 
function of the particle size and re- 
fractive index and of the wavelength 
of light in question. Its numerical 
values have been published in exten- 
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sive tables by several groups. The 
visibility is calculated from the equa- 
tion v = —1/B (| n ec) cm. where & 
is the contrast limen, taken here is 
0.02"), When the visibility is de- 
sired in miles, the equation becomes 
2.44 10-5/B miles. 


It is impossible to calculate the 
visibility reduction due to photolytic 
aerosol generation from dilute auto 
exhaust because of the present lack 
of precise data on the optical prop- 
erties of the aerosol materials. The 
visibility corresponding to the equiv- 
alent polystyrene latex aerosol can 
be calculated as a rough approxima- 
tion to show that the change in visi- 
bility is substantial. The increase in 
countable aerosol reduces the visibil- 
ity calculated on this basis from 37 
to 21 miles in experiment 131 and 
from 26 to 6.5 miles in experiment 
138. The visibilities are further de- 
creased by the aerosols not counted. 
If, for example, the uncounted aero- 
sol is arbitrarily taken to be 0.2 » in 
diam., then the visibilities are less 
than 32 and 15 miles for experiment 
131, and less than 21 and 4 miles for 
experiment 138. These visibilities 
were calculated at 524 mp for a re- 
fractive index of 1.65. The refrac- 
tive index of polystyrene has been 
given as 1.625'"’. The values of 
the scattering coefficient were read 
from the curves given in reference'’®’. 
There is some experimental evidence 
to indicate that the aerosols formed 
by irradiation had not completely 
matured at the time most of these 
data were taken, and that further 
aging would have increased particle 
size and decreased visibility _ still 
further. 


It may be of interest to quote visi- 
bilities calculated for pure air to 
compare with the values obtained for 
dilute auto exhaust before irradia- 
tion. In experiment 131 the cal- 
culated visibility in pure air due to 
countable aerosol was 60 miles; if 
the smaller particles are taken into 
account by assuming 0.2 diam.. 
then the visibility was less than 55 
miles (% of photometer reading 
counted is 62). In experiment 138 
the corresponding visibilities were 41 
miles and less than 36 miles (% of 
photometer reading 57). The de- 
crease in calculated visibility upon 
the addition of auto exhaust is not 
inconsistent with directly measured 
values of the attenuation coefficient 
of dilute auto exhaust'*’, if the prob- 
able losses in the exhaust sampling 
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system and the errors of the method 
of calculation are considered. 


Mass Distribution 


The mass distribution of counted 
aerosol, based on the polystyrene 
latex scale, peaks in channel 1 for 
all aerosols encountered in these ex- 
periments. This is because the in- 
crease in number concentration in 
the lower channels more than offset 
the rapid decrease in particle mass 
with decreasing size. Figs. 6 and 7 
show the mass distribution of count- 
able aerosol using a density of one 
for experiments 131 and 138. Such 
calculated distributions are based on 
several arbitrary assumptions con- 
cerning the nature of the aerosol, and 
should be regarded as provisional 
and subject to drastic change as 
further data accumulate. Counting 
errors in combination with large 
mass/particle cause large fluctuations 
in the calculated values for the larger 
sizes. The distributions of the in- 
crease in mass due to irradiation are 
subject to less drastic assumptions 
concerning the aerosol, and are also 
shown in Figs. 6 and 7. The mass 
increments given in these figures are 
somewhat larger than the differences 
in mass before and after irradiation 
because those cases which would have 
yielded a decrease in mass for a chan- 
nel were assigned zero change. Such 
negative values occurred only for the 
larger particle sizes where fluctua- 
tions due to errors could easily lead 
to falsely negative values. 


Aerosols and Eye Irritation 


The positive correlation between 
increase in light scattering and eye 
irritation in Table I is worthy of 
comment. The correlation naturally 
leads to the hypothesis that the aero- 
sols formed are a cause of eye irrita- 
tion or at least that they act syner- 
gistically ‘'*), Such a hypothesis is 
not proved by the data given here be- 
cause a positive correlation is a neces- 
sary, but not a sufficient, condition 
for a causative relationship under the 
conditions of these experiments. 


Conclusion 


Aerosol can be formed by irridia- 
tion of dilute auto exhaust. Within 
the range of concentrations studied, 
aerosol formation is favored by in- 
creasing the concentration of decel- 
eration exhaust, and, to a lesser de- 
gree, by increasing the concentration 
of oxides of nitrogen. The aerosol 
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Gravity Settling of Particles in a 


Whirlpool Corporation Research Laboratories 


In sampling smoke and dust from 
incinerators, boiler stacks, etc., it is 
frequently necessary to pass the 
smoke through horizontal lines. This 
raises the question of the amount of 
particle loss due to gravity settling 
therein. No direct solution of this 
problem could be found in the liter- 
ature. The phenomenon of particle 
settling in horizontal lines is also of 
interest as a method of size separa- 
tion. Use of horizontal sampling 
lines provides an extremely simple 
method for the determination of 
small particles only, since particles 
over a certain size will settle out be- 
fore reaching the sampling filter. 

The following calculations were 
made to establish F, the fraction of 
entering particles which are carried 
out of a horizontal tube of circular 
cross section, as a function of tube 
and particle parameters. It is as- 
sumed that a uniform concentration 
of particles of the same size and dens- 
ity enter the tube, that the particles 
are sufficiently small that they settle 
with a constant terminal velocity, 
that the horizontal velocity of the 
particles is the same as the horizontal 
air stream velocity at any point, and 
that streamline flow conditions exist 
in the tube. The following tube and 
particle parameters are involved: 
Vay == average air velocity in tube, 

ft./min. (the volume of air per 
min. entering, Q, divided by 
the cross-sectional area of the 
tube) 

Z =settling velocity of particle 

under gravity, ft./min. 


L = horizontal length of tube, ft. 
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Horizontal Tube 
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R = radius of tube, ft. 

T =time, min. 

Figure 1 shows the situation at a 
distance L down the tube. The origin 
of coordinates is taken at the axis of 
the tube. 

After moving a horizontal distance 
L, the particles in the upper part of 
the tube will have settled away from 
the upper circumference of the tube, 
and there will exist a boundary line 
between an empty area and the re- 
mainder of the tube still containing 
particles. We let T= 0 at the en- 
trance to the tube, and consider the 
case of a particle entering anywhere 
on the upper circumference of the 
tube at a distance x from tube axis. 
At some later time T the particle will 
have fallen vertically a distance ZT, 
arriving at the position (x, y) where 


(1) y=V R? — x?—2ZT 


During this time the particle will 
have traveled a distance L forward 
in a horizontal direction, given by 


—> 
(2) 
T=0 


—> 
where V is the horizontal air velocity 
at all particle positions. For stream- 
line flow, V is given by! 
2 Vay 


(1) O’Brien and Hickok, Applied Fluid 
Mechanics, p. 90. McGraw-Hill, New 
York (1937). 


Also, from Fig. 1, 
(4) =x? + R? — x? —ZT)? 


Substitution of (3) and (4) into 
(2) gives 


Ti 
0 


(2zry R? — — 27? jar 


The limit T, is the time the particle 
required to reach the position (x, y) 
and is 


Z 

Integration of (5) and substitution 
of the limits gives 
(7) 
2V, 


Equation (7) is that of the boun- 
dary line dividing the denuded area 
from the area containing particles, at 
a distance L down the tube. Fig. 2 
shows a plot of the equation for var- 
ious L with the following quantities 
constant: 


R = 0.215 in. = 0.0180 ft. 
Z = 0.15 ft./min. (5p dia. particle, 
density 1) 
Q = 0.0119 cfm. 
0.0119 
Va 


“x (0.0180)? 


(2vR—¥ +y) 


= 11.7 ft./min. 
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The particle starting at x = 0 (on 
the upper circumference) will travel 
the greatest distance L before settling 
out. When it contacts the bottom of 
the tube, y — —R. Substituting 
these values into (7), there is ob- 
tained 


8V,.R 
3Z 


Equation (8) defines the length L 
of a tube of radius R, just necessary 
to settle out all particles with settling 
velocity Z, for values of Q in the 
streamline flow region. All particles 
having settling velocities of Z or high- 
er will settle out in the tube. 


L= 


Calculation of F 


The fraction of influent particles 
which do not deposit out in passage 
through the tube, F, may be found 
by use of the boundary line equation. 
At any distance L the area above the 
boundary line is empty of particles, 
and the area below is filled with par- 
ticles. The number of particles/cm’. 


AREA CONTAIMMNGE 
PARTICLES 


in the filled area is the same as the 
number/cm?*. at the entrance of the 
tube, since it is assumed that all fall 
at the same rate Z, and there exists a 
constant input of particles into the 
entrance. 


The ratio of particles not deposit- 
ing in the tube to total particles en- 
tering is therefore given by the ratio 
of the volume of air flowing/min. 
below the boundary line to the total 
volume entering, or 


(9) 


where Q, is the volume of air emerg- 
ing/min. below the boundary line, 
and Q is the total flow rate. The con- 
ditions (see sketch) are symmetrical 
with respect to x. F is found as fol- 
lows: 


X2 y2 


(10) 


X1 


Fig. 2. Particle Settling in a Horizontal Tube. 


Fig. |. (left) 


ft./min. 
019 cfm. 


Substituting Q = x R? V,, and V 
from equation (3) there is obtained 
(11) 
X2 yz 

(R? — x? —y?) dydx 

X1y1 
Integrating with respect to y, 


(12) 


y2 
4 y3 
x) Jax 
X1 y1 


The upper limit ys is given by the 
boundary line curve, equation (7). 
This equation could not be solved ex- 
plicitly for y in terms of x. How- 
ever, from equation (7) we have 


(13) = 
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Since the left hand side of (13) 
is exactly the term in the brackets of 
(12), the value of the substituted 
upper limt ye is 


LR?Z 
2V, 


The lower limit y; is defined by 
the lower circumference of the circle, 


(15) 


Substitution of these values into 
(12) gives 


2 3 
(14) 3 (R? — x?) 2 — 


Integrating, 
X2 
4 = 
(17) F= =e (R? — x?) 2+ 
X1 


3 
— R?x (R?— x?) 2 +4 


2 
am? .. | 


The limit x, is 0; the limit xe is 
the x intercept of the boundary 
line on the the circle, which is desig- 
nated x,.. The value of x. may be 
found from equation (7). At the in- 
tersection of the boundary line with 

the circumference of the circle, 


(18) + (—ye)* = R? 
Substitution of (18) into (7) gives 


(19) x= |/ 


8V, 
and 
(20) 
_ (3 LR? 
—y,.= 
VF =( BV, 
Also the following relation exists: 
(21) 


—4xyé 


Substituting in the limits x, and 0 
in (17) and using equations (20) 
and (21), there is obtained 


4 3 
F Yo? — xe ve + 


4 
sin™! + 4x, 


Collecting similar terms and sim- 
plifying, 


(23) 


An algebracially equivalent form 
in dimensionless parameters is: 


(24) 


(ap + sin 


where 
3LZ 
(5) 
B=V1—a2 


Equations (24) and (25) give a 
complete solution to the problem. 
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Dust Retention Efficiencies of Dustfall Collectors* 


Dustfall collection involves the use 
of containers often accommodating a 
-mall amount of liquid into which 
particles drop from the atmosphere. 
The wetting action of the liquid is in- 
tended to entrap the dust fall-out and 
prevents its re-entrainment by wind 


Fig. I. 


action. Water is customarily used 
because it readily permits subsequent 
analysis of the dust content. To re- 
tain effectiveness of water entrain- 
ment, it becomes necessary either to 
add anti-freeze in cold weather or to 
replace evaporation losses in warm 
weather. 


Since dustfall collection usually in- 
volves a relatively large number of 
sampling sites scattered over a com- 
munity area, an appreciable amount 
of time is required in visiting the sites 
to replenish the collectors with anti- 
freeze or water. Polyethylene con- 
tainers require this attention only on 
the assumption that a wet bottom col- 
lector is superior to a dry bottom col- 
lector in dustfall retention. Collec- 
tors made of glass or other fragile 
material further require anti-freeze to 
prevent fracture by water freezing. 


Presented at Golden Jubilee Meeting of the 
Air Pollution Control Association held June 
2-6, 1957, St. Louis, Missouri. 


JOHN S. NADER 


Community Air Pollution Program 


Robert A. Taft Sanitary Engineering Center 
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If the assumed superiority of the 
wet container should be insignificant. 
the time spent in servicing to main- 
tain the liquid could be saved by us- 
ing dry flexible collectors. Accord- 
ingly, this study was undertaken to 
investigate whether dry collection 
techniques which overcome the dis- 
advantages of wet collection possess 
an equally high dust retention effi- 
ciency. One technique tested in- 
volves the use of a baffle designed to 
fit in the collector and prevent the 
formation of wind vortices that might 
tend to sweep out the dust. The per- 
formance of dry collectors with and 
without baffles was evaluated in terms 
of their dust retention as compared 
to that of unbaffled wet collectors ex- 
posed simultaneously to the same field 
conditions. In addition to the rela- 
tive efficiencies of dust retention, the 
performance test was designed to 


Fig. 2. 


measure the absolute efficiency of 
each type of collector by “spiking” 
with a known weight of dust of such 
magnitude that the actual fall-out 
would be negligible in comparison. 


Test Experiment 


An experiment was designed to 
evaluate the performance of the three 
types of collectors by simultaneous 
exposure to actual field conditions. 
It was set up on the roof of a seven- 


story laboratory building located in. 


a residential area adjacent to some 
industry. The collectors were direct- 
ly subject to winds from all sides ex- 
cepting one which had a hillside over- 
looking the building. The experi- 
ment was conducted for 5 weeks in 
the fall and repeated in early spring. 
Each period included a number of 
days of rain which temporarily con- 
verted all the containers to wet col- 
lectors. A similar experiment is 
scheduled to be performed at the 
Southwest Research Institute in San 
Antonio, Texas, where extended pe- 
riods of dry exposure can be main- 
tained. 


The polyethylene container used 
throughout the study was cylindrical 
with a slight taper from top to bot- 
tom (Fig. 1), 10%, in. in height and 
an opening diam. of 7%4 in. The baf- 
fle used was constructed (Fig. 2 and 
3) of vinylite plastic sheet (0.9 mm. 
thick) and designed to match the 
taper of the container in such manner 
as to be clear of the bottom by about 
2 in. and flush with the top. 

Wooden racks were used to pre- 
vent the collectors from being over- 
turned or blown away by heavy 
winds. Initially, the racks did not 


| 
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Fig. 4. 


have the wooden braces on the bot- 
tom and several were overturned. 
Each rack accommodated a set of 3 
containers (Fig. 1) which repre- 
sented each type being studied, name- 
ly, dry-bottom collection, wet-bottom 
collection, and dry-bottom collection 
with baffle. For statistical reasons. 
12 of these sets were arranged in a 
circular pattern (Fig. 4) with the 
types of collectors randomly ordered 
within sets, a total of 36 containers. 
This arrangement allowed a statistical 
evaluation of bias on any set as a re- 
sult of local meteorological effects 
near the edge of the roof. 

Six of the sets were spiked with 5 
gr. of Fine Air Cleaner Test Dust 
and the remaining 6 sets were left 
unspiked. The spiked and unspiked 
sets alternated in the circular ar- 
rangement. The wet-bottom collec- 
tors were set up initially with 500 
ml. of distilled water and were main- 
tained wet with subsequent additions. 
During freezing conditions, ethyl al- 
cohol was added as an anti-freeze. 
The dry-bottom collectors were not 
necessarily kept dry, but were subject 
to the existing weather. 


combined with that of the suspended 
solids to give the total weight of 
solids. 

In the case of the spiked collectors, 
a partial separation was made by cen- 
trifugation. A small amount by 
weight, consisting of very fine dust 
remained in the supernatant liquid. 
Since filtration of the supernatant 
liquid through a Millipore filter would 
be extremely slow because of the clog- 
ging properties of this fine suspen- 
sion, the supernatant was not filtered 
but was taken to dryness in the same 
manner as the filtrate from the un- 
spiked samples. In the spring trial. 
no attempt at separation was made 
and total solids for the spiked sam- 
ples was determined by the direct 
evaporation procedure. Controls, con- 
sisting of two spiked collectors unex- 
posed to atmospheric dustfall or wind 
action, were analyzed simultaneously 
to evaluate the efficiency of the pro- 
cedure. 

Fungus growth was mainly re- 
sponsible in retarding filtration 
through the Millipore filter. Dry dust 
taken up in water just previous to 
filtration did not present the same 
problem. In the first experiment 


quaternary ammonium chloride was 
used as an algae inhibitor in an 
amount of 1 ppm. by weight based 
on the anticipated maximum volume 
of water (1/.) that would be received 
in the collectors as a result of accu- 
mulated rainfall. The inhibitor was 
ineffective against fungus and some 
algae growth. In the second experi- 
ment, 0.5 ppm. by weight of mercuric 
chloride was added but at this low 
concentration proved unsatisfactory. 


Dustfall Retention 


The difficulty encountered in the 
gravimetric analysis as a result of or- 
ganic growth in the collectors pre- 
sents a number of problems that war- 
rant a separate investigation. If such 
growth is tolerated on the basis that 
no separation of solids is required, 
then there is a question of the gravi- 
metric effects of such matter relative 
to actual dustfall. On the other hand, 
to suppress the growth, it will be nec- 
essary to select and apply a chemical 
that will serve as an appropriate toxi- 
cant to both algae and fungus when 
used at concentrations that would not 
be a health hazard if inadvertently 
consumed by humans or animals. 


TABLE | 
Dustfall Analysis Data 


Gravimetric Analysis 


Preliminary to the gravimetric 
analysis, the contents of each collector 
were screened for extraneous mate- 
rial, using a 20 mesh screen**. In Unspiked 
both experiments the suspended sol- Mean Wt. Std. Dev. 
ids were separated from the dissolved Mg. % 
solids by filtration of the contents 114. 14 
of the unspiked collector through a 124, 12 
“Millipore” filter (type HA, 47 mm. 113. 5 | 
diam.). The filtrate evaporated to 
partial dryness and the filtered solids 
were each dried to constant weight ‘in 
an oven at 104°C. The measured Std. Dev. 
net weight of the dissolved solids was Mg. % 


** Recommended Standard Methods for 15 4.94 
Continuing Dustfall Survey (APM 1-a) 28 4.88 
Air Pollution Control Association, Com- 7 4.92 
mittee on Air Pollution Measurements. 


Collectors Experiment 1 


Collectors Experiment 2 


Spiked 
Mean Wt. 
G. 
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TABLE II 


Dust Retention Efficiencies 


Collectors 


Experiment 1 


Unspiked 


Mean Eff. 


Std. Dev. % 


Spiked 
Mean Eff. 


Std. Dev. 


Dry 
Wet 
Baffle 


100. 0.9 
15 
0.9 


Collectors 


Experiment 2 


Unspiked 


Spiked 


Std. Dev. 


Mean Eff. | Std. Dev. 


| 15 
08 
3.4 


In the first experiment the loss of 
2 sets each of the spiked and unspiked 
collectors due to high winds reduced 
the number of samples for analysis 
to 4 sets of each type. In the second 
experiment, however, the initial 6 
sets of each type remained intact, pro- 
viding data on all 36 collectors. 

A statistical evaluation was made 
of the results of the gravimetric analy- 
sis (Table I). The weights of dust 
from a set of collectors of a given 
type are averaged to give a mean 
value. The standard deviation is ex- 
pressed as a percentage of the mean. 


The unspiked collectors, although 
limited in number, show a large per- 
centage standard deviation primarily 
because they were sampling a dust- 
fall which was light and random. The 
dry collector with a baffle, however, 
has a significantly lower deviation 
showing that the baffle tended to level 


Retention Efficiency 


The efficiency of dust retention was 
calculated for each type of collector 
separately: in the unspiked collectors. 
it is the relative percentage ratio of 
the weight of dust in the baffled or 
unbaffled dry collector to that in the 
wet collector of the same set; in the 
spiked collectors, it is the absolute 
percentage ratio of the weight of dust 
in each collector to the composite 
weight of dust, consisting of the 
spiked dust and the dustfall given by 
the average mean weight of dust of 
the unspiked collectors. The relative 
and absolute percent efficiencies for 
a set of collectors of a given type were 
averaged to give corresponding mean 


values (Table II). The standard de- 


viation is expressed as the difference 
from the mean. 

A statistical evaluation of the mean 
values of dust retention efficiencies 
for both the spiked and unspiked sam- 
ples shows no significant difference 
among the three types of collectors. 
The conclusions previously stated re- 
garding the standard deviation of 
measured dustfall continue to hold for 
the calculated retention efficiencies. 

The conclusions are based on ex- 
periments in which the exposure of 
containers included windy and rainy 
weather (Tables III and IV). The 
total precipitation in the 16 days of 
the first experiment was 2.03 in. com- 
pared to 3.17 in. for the 21 days in 
the second experiment. The first ex- 
periment also had lower daily average 
as well as lower daily five-minute 
maximum wind speeds, although 
winds as high as 26 mph. occurred. 
These weather data are fairly repre- 
sentative of fall and spring weather 
in a temperate climate. This study 
is being continued to include weather 
conditions representative of totally 
dry periods occurring in desert clim- 
ate or in areas having dry summers. 

Plastic containers have not been 
applied to dustfall collection to any 
appreciable extent, and it is possible 
that they have unsuspected superior 
dust retention because of their ability 
to become electrically charged. A 
study is being planned to investigate 
the effects of electro-static charge 


TABLE Ill 
Wind Speed Data 


Cumulative Frequency Distribution of Daily Average Speeds 


out the random effects in sampling. 
This would indicate that individual 
sampling using a baffled collector will % Greater than 
tend to be more representative statis- 76 
tically of the population mean. 43 

In the spiked collectors, the dust- 21 
fall contribution is a small percent- 10 
age of the total dust involved and the 
random effects of sampling are ex- 
pected to contribute little to the de- 
viation values. This is verified by 
the markedly lower percentage devia- 
tion values as compared to those for 
the unspiked collectors. When the 
mean values in both spiked and un- 
spiked sets are compared and ex- 
amined statistically, the result shows 
that there are no significant differ- 
ences in the amounts of dust retained 
in the 3 types of collectors. 


Experiment 1 Experiment 2 


% Greater than 


Cumulative Frequency Distribution of Daily 5 Min. Max. Speeds 


Experiment 1 Experiment 2 


% Greater than % Greater than 


89 
74 
58 
42 
30 
20 
13 

9 
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build-up on the dust retention effi- 
ciency of polyethylene containers. 


Conclusions 


Dustfall collectors representing 
three collection techniques were ex- 
posed to atmospheric dustfall under 
weather conditions typical of a tem- 
perate climate. A statistical evalua- 
tion of the gravimetric analysis data 
and the dust retention efficiencies 
shows no significant differences 
among the three types of collections. 
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TABLE IV 
Precipitation Data 


Distribution of Periods of Consecutive Rainless Days 


Ya 


Experiment 1 Experiment 2 
Length of Period (Days) Periods Periods 
1 3 3 
2 0 2 
3 1 0 
4 2 0 
5 0 2 
6 1 0 


Distribution of Periods of Consecutive Rainy Days 


Experiment 1 


Experiment 2 


Length of Period (Days) 


Avg. Ppt. (in./day) 


Au 


Periods | Avg. Ppt. (in./day) | Periods 
3 0.13 2 
2 0.10 1 
0 1 
1 0.26 2 
1 0.04 0 
0 — 1 


0.08 
0.03 
0.37 
0.05 


0.24 


Your Guide to Philadelphia... 


Site of APCA’s 51st Annual Meeting 


MAY 25-29, 1958 


Legend: 


1 Sheraton Hotel 


Sheraton Hotel 


2 Sheraton Garage 
3 PRR Suburban Station 
4 Pennsylvania Station 30th Street 
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Philadelphia, Pa. 


5 Baltimore & Ohio Station 
6 City Hall 

7 Reading Station 

8 To International Airport 
9 To Convention Hall 
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Engineering Design Factors in 


Dust and Fume Recovery Systems" 


This discussion is primarily in ref- 

erence to dust and fume recovery sys- 

tems where the gases are vented to 
the atmosphere and not reused. 

No two plants in any industry are 
identical and have many variations 
and ramifications as to process equip- 
ment, operating characteristics, na- 
ture of raw material, emissions and 
air pollution control requirements. 
Problems also vary widely between 
different industries. 

The engineering design of dust and 
fume recovery systems must consider 
the following major factors: 

(1) Ordinances and statutory 
regulations. 

(2) Plant and community re- 
quirements. 

(3) Plant location: 
Topography, _ buildings, 
micrometeorology. 

(4) Source control. 

(5) New or existing equip- 


ment. 

(6) Disposition of collected 
materials. 

(7) Water disposal where 


scrubbers are used. 

(8) Removal of dust and 
fume (particulate  mat- 
ter). 

(9) Removal of noxious gases 
or odors. 

(10) Removal or reduction of 
stack plume (opacity). 

From the standpoint of the in- 
dividual industrial plant, control is 
motivated by economic value of re- 
covered material or value of cleaned 
gas, the legal requirements as cov- 
ered by ordinances and statutory reg- 
ulations and a desire on the part of 
the management to maintain satis- 
factory relations with the workmen as 
well as the neighbors in the surround- 
ing communities. 

Legal requirements vary over a 
wide range of permissible operating 
conditions covering particulate mat- 


*Presented at the Semi-Annual Technical 
Conference of the Air Pollution Control 
Association, Nov. 18-19, 197, in the Fair- 
mont Hotel, San Francisco, Calif. 


Richard O’Mara and Carl R. Flodin 


O’Mara and Flodin, Inc. 
Los Angeles, California 


ter, noxious gases, opacity and 
odor’, They are affected by air 
pollution control ordinances, zoning 
ordinances, building codes, Depart- 
ment of Street and Sanitation regula- 
tions, city and state health codes. 

To a large degree the extent to 
which the dust and fume system must 
remove air contaminants is governed 
by the community relations problems. 

Purely from economics it may be 
shown in many cases that a collection 
efficiency of more than 80 to 90% 
cannot be justified. Nevertheless, it 
may be that for community require- 
ments efficiencies of 99% or more 
are indicated. 

A clean stack is only one part of 
the problem. The plant and its sur- 
roundings should also be kept clean. 
The accumulative effect of the two on 
public and labor relations cannot be 
overestimated. 

The man with the broom and air 
hose is costly and is rapidly being re- 
placed with industrial vacuum clean- 
ing systems to clean the plant. This 
improves plant morale and makes for 
goodwill ambassadors in the com- 
munity. 

When the community understands 
that the plant management is making 
continuous effort to remedy or im- 
prove dust and fume conditions and 
the working conditions are relatively 
clean, both the employees and the 
community are inclined toward the 
company. 

Conditions affecting local plant air 
pollution problems also include mi- 
crometeorology, terrain, adjacent 
buildings, use of adjacent property, 
number of contributing dust sources, 
total quantities involved and other 
air pollution sources in the area. 

In the selection of a new plant lo- 
cation all of these should receive care- 
ful consideration. Future difficulties 
can be avoided by selecting a site 
that is well ventilated by winds, not 
subject to fréquent low inversions or 
near-by built up commercial and 
residential areas. 


With the population move to the 


country this is no longer an easy 
matter. Residential communities are 
being built by enterprising develop- 
ers frequently adjacent to old, es- 
tablished industrial plants. 


Existing plants must make the best 
of the situation and comply with ex- 
isting regulations. However, where 
an ordinance is being considered, the 
plant management should take an 
active part in an effort to obtain reg- 
ulations that are realistic and fit the 
local conditions. 

Having established the overall re- 
quirements as dictated by regula- 
tions, plant location, community re- 
lations and related factors, all sources 
must be tabulated and studied in- 
dividually. For many fuel burning 
operations in the power plant, steel 
and non-ferrous metallurgical indus- 
try much test data is available so that 
proper evaluation of the source is 
possible. 

However, many times research 
studies are needed to determine the 
operating characteristics of the sys- 
tem. 


This work involves: 

(1) Review of available plant 
information and data. 

(2) Tests and laboratory anal- 
yses to obtain dust and 
fume quantity and char- 
acter. 

(3) Pilot plant work if in- 
dicated. 

(4) Calculations to establish 
the collection require- 
ments. 

Frequently there is no reliable data 
available and heat and material bal- 
ances are the exception rather than 
the rule. 

The study of new and old installa- 
tions is not complete until it is de- 
cided what dust sources if any can 
be eliminated, what process modifica- 
tions can be made to reduce dust loss 
and what raw material substitutions 
might be made to improve operation. 
In the latter category might be sub- 
stitution of natural gas for oil or 
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TABLE | 


Affect of Air Infiltration Upon Electrical Precipitator Efficiency and Dust Loss 
From a Dry Process Cement Kiln 


Assume air infiltration at 25% by vol. under good conditions. 
Assume air infiltration at 100% by vol. under poor conditions. 


Good Poor 
condition 

Air infiltration — % by vol. 25 100 
Precipitator gas vol. — Cfm. 100,000 134,500 
Precipitator gas temperature — °F, 385 
Gas moisture content — % by vol. 10 6.22 
Inlet dust loading — gr./ft.* 3 2.23 
Design efficiency — % 98.5 
Dust loss — gr./ft.* 0.045 
Dust loss — lb./hr. 38.6 
Dust loss — tons/day 0.408 
Calculated efficiency — % 

(based upon increase in 

gas vol. only) 95.5 
Dust loss — gr./ft.* 0.101 
Dust loss — lb./hr. 116 
Dust loss — tons/day 1.39 
Calculated efficiency — % 

(based upon increase in 

gas vol. and reduction 

in moisture and temperature) 87.5 or less 
Dust loss — gr./ft.* 0.28 or more 
Dust loss — lb./hr. 321.0 or more 
Dust loss — tons/day 3.86 or more 


coal as a fuel. This would eliminate 
the fly ash problem, reduce the SOs, 
SO; and the stack plume. 

For a dryer in a mixing plant it 
was found that field sand could be 
replaced with washed sand at little 
additional cost. Present cyclones 
were adequate and no new equip- 
ment was needed. 

Review of the data sometimes in- 
dicates that modernization or modi- 
fication of a process will reduce the 
dust loss, eliminating the necessity of 
adding new or improved collection 
equipment. In addition, changes may 
result in operating savings, such as 
improvement of thermal efficiency, 
reduction of operating labor, mate- 
rial handling and maintenance. It 
is obvious that the place to control 
air pollution is at the source, either 
by eliminating the source or reducing 
the contaminants emanating there- 
from to a minimum. 

Old installations usually offer spe- 
cial problems, Space is at a premium 
and field inspection frequently re- 
veals that maintenance has been in- 
adequate. The investment initially 
made in dust and fume control equip- 
ment has not been maintained. 

Air infiltration is oftimes over- 
loading the present collection equip- 
ment or interfering with its proper 
operation. 

The affect of air infiltration on col- 
lectors such as a precipitator can be 
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illustrated by using a dry process 
cement kiln as an example. Table I 
is based upon the hypothetical case 
of a gas-fired dry process cement kiln 
equipped with an electrical precipita- 
tor having a collection efficiency of 
98.5% when first placed in service. 

When newly put into service such 
an installation should not have an 
air infiltration in excess of about 
25% by volume. After several years 
of service with inadequate mainte- 
nance the air infiltration increases. It 
is common to find that the kiln seal 
ring is not tight, cracks and openings 
have developed in the kiln end hous- 
ing, flues, inspection openings and 
the like that provide sources of air 
leakage into the precipitator. Under 
such conditions infiltration is often 
100%, or more. 

In the case illustrated by Table I 
the gas volume has gone up 34.5%. 
From this cause alone it would be 
expected that the efficiency would go 
down from 98.5 to about 95.5% and 
the dust loss would increase from 
0.408 tons/day (38.6 lb./hr.) to 1.39 
tons/day (116 lb./hr.). 

The gas temperature has gone 
down from 550 to 385° F. and the 
moisture content of the gas from 10 
to 6.22% by volume. As a result of 
this the electrical resistivity of the 
dust would probably be in a very 
bad range from a precipitation stand- 
point'?), Experience indicates that 


under these conditions the precipita- 
tor efficiency would drop to 87.5%, 
or less, with resultant dust loss of 
3.86 tons/day (321.6 lb./hr.), or 
more. 

Poor gas distribution is another 
factor that can greatly impair the 
efficiency of electrostatic and mechan- 
ical collectors. This can often be 
remedied or improved by proper use 
of turning vanes, splitters, perforated 
plates and baffles‘*). 

High dust loss has sometimes been 
found to be caused by recycling of 
dust within the system. This can be 
the result of such practices as re- 
turning collected dust to the system 
at a point where it is readily re-en- 
trained. 

In the cement industry this prob- 
lem has been overcome to a great de- 
gree by special dust handling meth- 
ods. In dry process plants the dust 
is usually returned to the raw feed 
bins where it is blended with the 
new feed. In wet process plants it is 
often pugged into the new feed slurry. 
A recent innovation is to reintroduce 
the dust as dust or nodules in scoops 
around the periphery of the kiln at 
a point some distance below the feed 
end so that in effect it is introduced 
under the new feed to the kiln. 

In new plants the designer should 
keep in mind that the dust and fume 
control equipment is the last unit 
process in the system. In addition 
to providing modern recovery equip- 
ment, the designer should provide 
space for additional capacity that 
may be required later due to more 
stringent regulations or community 
requirements or increase in gas vol- 
ume. 

Plant operators invariably find 
ways and means of increasing the 
production of equipment. This usual- 
ly contributes to an increased gas 
volume and dust concentration. It 
is not uncommon to see a given unit 
pushed up to 125 to 175% of rated 
capacity over a period of time. 

Unless space has been provided for 
additional dust and fume recovery 
equipment, the air pollution problem 
may prevent the use of increased 
capacity. 

New plant layouts should locate the 
stack keeping in mind the additional 
equipment that may be required. In 
some cases this may be equipment 
needed to remove the noxious gases 
not presently covered in the existing 
regulations. 

Where plant capacity has been in- 
creased in existing installations in- 
volving changes in the process, it 
may be necessary to make changes in 
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TABLE II 
Factors Affecting Collection Equipment Selection 


(1.) Nature of material to be collected 
a. Dust only 


from rock crushing 


b. Fume only 


zinc oxide production 


. Dust and fume 


...from cement kiln 


. Soluble solids 


. Noxious gases 


Na:SO, and Na:CO; from kraft paper mill black 


liquor recovery boiler 
SO. and SOs; from coal or oil fired boiler 


. Tars or pitches 


carbon plants 


. Acid mist 


sulphuric acid manufacture 


. Corrosive 


wet fluoride collection 


i. Inflammable or explosive 
j. Not free flowing 


magnesium dust collection 
furnace carbon black 


(2.) Character of process operation 
a. Uniform continuous 


electric utility boiler 


b. Non-uniform continuous 


open hearth steel furnace 


gypsum kettles 


c. Batch —- single or multiple unit 
d. Irregular intermittent 


(3.) Technical data 
. Gas volume 
. Gas temperature 
. Inlet loading to collector 


scarfing machine in steel plant 


. Particle size distribution of solids 

. Specific gravity of solids 

. Chemical composition of solids and gases 
. Electrical resistivity of dust and/or fume 


. Acid concentration or pH 


(4.) Other engineering considerations 
a. Wet or dry collection 


. Single or multiple units in series or parallel 
. Available space and equipment arrangement ae 
. Flues including gas distribution, dampers, expansion joints and related facilities. 


. Fans with controls and drives 


. Labor saving auxiliaries and features such as time cycle operation with filters, 
automatic voltage control and automatic rapping for electrical precipitators 


. Instrumentation and controls 


c 
d 
e 
f. Dust handling and disposal systems and accessories 
h 
i 


. Protective facilities, such as explosion diaphrams, traps, pressure relief devices 


and by-passes 


j. Permissible stack height and aircraft requirements 


J 
k. Materials of construction 
1. Wind loads and seismic forces 


the collection equipment. In some 
cases satisfactory conditions may be 
maintained by re-cycling part of the 
gas to the process thus by-passing 
the collector or scalper collectors can 
be used to pre-clean the gas and thus 
remove some of the dust load from 
the existing equipment. 

An existing scrubber may be modi- 
fied and used as an excellent gas 
cooler for a new baghouse or as a 
conditioning chamber for a new pre- 
cipitator. An existing precipitator 
may be improved and the overall col- 
lection efficiency materially raised by 
the use of a pre-cleaner, voltage con- 
trol or automatic rapping. 

The stack is an important part in 
any recovery system. It provides the 
ultimate dilution and dispersion to 
the atmosphere of the waste gas and 
remaining contaminants. 

In addition it usually provides 
some draft for the operation of the 
system. 

The layman’s first and continuous 
appraisal of the plant’s contribution 


to air pollution is the stack appear- 
ance. For this reason it is sometimes 
advisable to combine several sources 
in a single stack so as to overcome 
variations in the operations of the 
process and the associated recovery 
equipment and avoid direct com- 
parisons between different stack ef- 
fluents. 

The selection of suitable stack 
height, size, outlet velocity and mate- 
rials of constructions are influenced 
by such factors as local micrometeor- 
ology *’, proximity of local air fields, 
quantitative and qualitative nature of 
the emission and economics. 

The atmosphere can dissipate 
enormous quantities of contaminants. 
In some cases it is more economical 
to resort to a high stack with a-rel- 
atively high exit velocity rather than 
to attempt recovery of a major por- 
tion of the contaminants. This meth- 
od is being: used in some large cen- 
tral station power plants since there 
is no present economical method of 
removing SO, as it exists in waste 


boiler flue gas. 

High stacks are one of the earliest 
methods used for waste gas disposal, 
particularly in the metallurgical in- 
dustry. 

Where high stacks are not feasible 
it is common to increase outlet gas 
velocity to 120 to 180 ft./sec. by the 
use of nozzles in the top of the stack. 
This assists in dilution and dispersion 
of the gases. 

The local topography and config- 
uration of surrounding structures has 
an important effect on stack height 
and outlet velocity. 


In some cases it is desirable to 
make wind tunnel or field studies of 
these and other factors before es- 
tablishing stack height and outlet 
velocity’. 

Temperature has an important ef- 
fect on dilution, and to a large de- 
gree determines the materials of con- 
struction. 


Concentration of gaseous and par- 
ticulate matter, particle size distribu- 
tion and terminal velocities must be 
considered. 

Coarse material discharged from a 
stack may be scarcely visible but still 
represent a control problem. Gen- 
erally such emissions fall on the plant 
property or close to the stack. Ex- 
amples of this type of discharge are 
cement clinker coolers, iron ore sin- 
tering machines and spreader stoker 
fired boilers. In general, these prob- 
lems are solved through the use of 
high efficiency, cyclonic type of me- 
chanical collectors. 

Finely divided particulate matter, 
such as material that volatizes in pro- 
cess and condenses as a fume, leads 
to problems in opacity or obscuring 
power of the stack effluent. In some 
cases material has agglomerating 
characteristics and a condition re- 
ferred to as snowflaking may be ex- 
perienced even though 99% or more 
of the particulate is removed. Large 
agglomerates fall in the immediate 
area and in the case of cement plants 
and black liquor recovery waste gases 
in paper mills, can create a great 
nuisance even though high efficiency 
recovery equipment is installed. 


Final stack selection is usually de- 
pendent upon engineering and eco- 
nomic factors coupled with expe- 
rience and engineering judgment. 

Plants that can reuse their col- 
lected dust and fume by returning it 
to the process are very fortunate. 
Many plants are faced with disposal 
of their collected dust. This fre- 
quently poses difficult problems and 
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ean be expensive. 

The experiences of the electric 
utility companies with large coal 
burning generating stations illustrate 
the magnitude and nature of the 
problem'®), 

For between 25 and 30 years ef- 
forts have been made to use fly ash 
from pulverized coal fired boilers as 
a concrete additive. Much investiga- 
tion by various agencies has been 
conducted in this field over the years. 
Considerable fly ash has been used. 
However, the total quantity of fly ash 
collected in some eastern and middle- 
western metropolitan centers is so 
enormous that it must be pumped or 
hauled for landfill or loaded into 
ocean-going barges and hauled to 
sea. 


American cement manufacturers 
.are studying the possibility of using 
fly ash as a part of the raw mix for 
cement. 

The dust disposal problem from 
plant to plant is extremely variable. 
Some cement plants pump it or haul 
it to abandoned quarries. When this 
is done, it must be wetted and packed 
or it will blow over the neighborhood. 
One cement company piled it near a 
lake at the plant site. Rain water 
leached the alkalis out of the dust 
and raised the alkalinity of the lake 
water. The State Fish and Game 
Commission made the company cease 
and desist from piling the dust at 
that location on their own property. 

Most municipalities will not permit 
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emptying industrial waste into 
sewers. Also they will not permit 
dust to be transported through city 
streets unless it has been completely 
wetted or is hauled in completely en- 
closed trucks. 

Other factors to be considered in 
the design work are: (1) future 
plant expansion, (2) arranging space 
for additional equipment and (3) 
the affect of tighter future ordinances 
on the current installations. 

Economical and practical equip- 
ment selection to meet the require- 
ments depends upon many factors 
and availability of a substantial 
amount of information and data. A 
partial list of the type of information 
needed and considerations involved 


Dry electrical 
precipitators 

Wet electrical 
precipitators 

Baghouses 

Reverse-jet 
filters 


High efficiency 


cyclones 


cooling chambers* 


Scrubbers 

Conditioning and 

Low draft loss 
cyclones 

Low draft loss 
mechanical 


Aluminum 
Prebaked pot line 
Old type Soderberg pot line 
New type Soderberg pot line 
Electrode plant ventilation 
Bauxite dryer 
Alumina calcining 


| 


Cement 
Kilns 
Clinker coolers 
Blending vents 
Finish grinding 
Rock and shale dryers 


| | | > 


| 
| | 


! 


| | | oe 


| 


| 


Chemical 
Acid manufacture 
Phosphate dryers 
Electric phorphorous furnaces 
Carbon black — furnace plants 


| | 


|| 


| | 


Iron and steel 1 
Blast furnaces 
Open hearth furnaces* 
Sintering machines 
Electric furnaces” 
Scarfing machines 
Oxygen crucibles 
Foundry cupolas 


10, 11 


! 
| 


Non-ferrous smelters 12 
Roasters 
Reverberatories 
Converters 
Sintering machines 
Blast furnaces 


| 


| 


| 


| 


| | 


>] | | 


| | 


Power generation boilers 13 
Pulverized coal fired 
Cyclone furnace 
Spreader stoker 
Oil fired 


| | 


| 
| 
| 


| 


Pulp and paper 
Black liquor recovery boilers 
Reclaimed lime kilns 


Hogged fuel boilers 


X 
xX 


| 
| 


| 


| 


* Used for conditioning and/or cooling gases ahead of precipitator or bathouse. 


* Glass cloth bags. 
® Used as an agglomerator. 
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Collector 
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Stack 
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Heat 
Exchanger 


High 
Velocity 
Precipitator 
Agglomerator 


Mechanical 
Collector 


Fan 


Precipitator | 


Mechanical 
Collector 


Heat 
Exchanger 


| Source 


5 


Stack ( ) 


Fan 


Secondary 


Gas Scrubber 


Wet 
Precipitator 


Fan 


Cooler & 
Scrubber 


Dry 
Mechanical 
Collector 


| Source 


Filter or 
Scrubber 


| Cyclones 


| Agglomerator | 


Source 


Chemical 
Recovery 
Plant 


Mist 
Precipitator 


Fan 


Cooler & 
Scrubber 


Ory 
Precipitator 


Heat 


Exchanger 


Multiple 


Stage 
Mechanical 


Collector 


| Source 
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is given in Table II. 
Chart I is a check list of collector 
applications for various operations in 
a few industries. It does not include 
all operations in each industry that 
require dust control. This chart can 
be used as a general guide in equip- 
ment selection and must be supple- 
mented by more detailed technical, 
engineering and economic studies. 


The types of equipment checked 
are typical for the application but 
there are exceptions in actual opera- 
tion. 

From time to time new technologi- 
cal developments change collector ap- 
plications. Recently the development 
of silicone treated glass cloth has 
aroused interest by the cement indus- 
try for baghouses for cleaning cement 
kiln gas. Previously such an applica- 
tion was not considered seriously be- 
cause of the temperature limitations 
of available fabrics. 

It will be noted that the chart 
usually shows more than one piece 
of equipment for a given application. 

A single piece of equipment may 
not give the desired result and 
oftimes several different types must 
be used in series. The possible ar- 
rangements are limited only by the 
designer’s ingenuity. 

Chart II shows some typical dust 
and fume process flow diagrams now 
in use, starting with the very simplest 
system having a source followed by 
a dry collector, fan and stack. 


Column 2 indicates a source fol- 
lowed by a heat exchanger, mechan- 
ical collector, precipitator, fan and 
stack. This is common on pulverized 
fuel fired boilers. 

Column 3 indicates a source such 
as a carbon black furnace followed 
by an electrostatic agglomerator, 
cyclones, filter or scrubber, fan and 
stack. 


Column 4 shows a source such as 
an oil fired boiler followed by a high 
velocity continuous electrostatic pre- 
cipitator from which the agglomer- 
ated material is removed in a small 
recycled portion of the total gas flow 
and collected in a mechanical col- 
lector. The agglomerator is followed 
by heat exchanger, fan and stack. 


Column 5 indicates a series of 
equipment for a new cement plant. 
The installation will consist of a me- 
chanical collector fan, cooler and 
scrubber, wet precipitator, fan, reheat 
chamber and stack. Space will be 
provided in the initial installation for 
a secondary gas scrubber. This sys- 
tem will remove a dry coarse fraction 
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TABLE III 
Range of Inlet Loadings and Particle, Sizes for Collector Applications 


Inlet Loading Particle Size 
gr./ft.* % Minus 10 uw 

Aluminum 

Prebaked pot line 0.2 to 0.5 25 to 35 

Old Type Soderberg pot line 0.04 to 0,1 tar fog 

New Type Soderberg pot line 0.2 to 0.5 tar fog 

Electrode plant ventilation 0.1 to 1.0 -—— 

Bauxite Dryer 2 to 10 20 to 35 

Alumina Calcining 5 to 40 10 to 30 
Cement 

Kilns Lto 15 40 to 50 

Clinker Coolers 0.2 to 1 5 to 20 

Finish Grinding 2 to 10 40 to 50 

Rock and Shale Dryers 4 to 25 10 to 30 
Chemical 

Acid Mist 0.03 to 0.06 

Phosphate Dryers 3 to 10 

Electric Phosphorous 

Furnaces 0.2 to 2 ; 95 to 99 

Iron and steel 

Blast Furnaces (after 

scrubbers) to 0.5 95 to 99 

Open Hearth Furnaces 0.2 to 4.0 97 to 99 

Sintering Machines 2to5 10 to 50 

Electric Furnaces 0to5 97 to 99 

Scarfing Machines 0 to 0.1 fume 

Oxygen Crucibles 0to5 97 to 99 

Foundry Cupolas 0.3 70 to 85 
Non-ferrous smelters 

Roasters 2 to 50 10 to 30 

Reverberatories 2to 5 50 to 60 

Converters : 0 to 10 10 to 50 

Sintering Machines 0.3 to 5 10 to 50 
Power generation boilers 

Pulverized coal fired lto6 25 to 45 

Cyclone Furnace 0.25 to 0.75 80 to 85 

Spreader Stoker 5 to 15 10 to 15 

Oil Fired 0.02 to 0.07 + 99 
Pulp and paper 

Black Liquor Recovery 1lto5 fume 

Reclaimed Lime Kilns 2to5 25 to 40 

Hogged Fueil Boilers 2 to 10 +5 


then cool, dehumidify and scrub the 
gas reducing the volume approxi- 
mately one-half. The wet electrostatic 
precipitator will remove 99% of the 
remaining fume and the gases will 
then be reheated to eliminate the 
stack plume. 


Column 6 shows a source such as 
a non-ferrous smelter followed by a 
multiple stage mechanical collector, 
heat exchanger, dry precipitator, fan, 
cooler and scrubber, mist precipita- 
tor, chemical recovery plant, fan and 
stack. 


Chart III shows the approximate 
dust loading and particle size for a 
number of process operations. It 
should be kept in mind however that, 
as has been pointed out, these vary 
over a wide range and there may be 
exceptions that are far outside the 
limits indicated. This can be used 
as a general guide where more pre- 
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cise information is not available. 

So far the discussion has referred 
to recovery equipment. stacks and 
dust disposal. In addition, each dust 
and fume system has several other 
essential parts, all of which must be 
carefully integrated in order that the 
process as a whole will be practical 
and economical. 

Much information is available in 
the literature on hoods, flue calcula- 
tions and design along with such de- 
vices as splitters, turning vanes and 
various types of connections. 

Performance of any dust collector, 
however, is dependent to a degree, 
sometimes almost controlling, on the 
satisfactory gas and dust distribution 
at the inlet. Flues should be care- 
fully checked and reviewed with the 
supplier of the collector to obtain 
his approval of the arrangement be- 
fore the flues are fabricated’). 

All dust and fume control systems 


require a satisfactory fan. This is 
ordinarily placed beyond the collec- 
tors to handle as clean gas as pos- 
sible. 

The collector supplier can be asked 
to recommend a suitable fan. 

It is best to use the simplest pos- 
sible fan and avoid complicated fan 
blade designs and arrangements. Dust 
sometimes has a tendency to build 
up on the back of blades and cause 
fan unbalance. 

Whenever the characteristics of the 
system cannot be precisely defined it 
is desirable to provide the fan with 
a variable speed or tex rope drive so 
that its speed can be adjusted to the 
system. Fans are ordinarily selected 
with the safety factor of 25 to 30% 
on both gas volume and static pres- 
sure. 

The design engineering of dust and 
fume recovery systems for industrial 
plants to assure an economical and 
practical installation that meets re- 
quirements can be divided into sev- 
eral phases. 

Control requirements include con- 
sideration of present and proposed 
ordinances and statutory regulations 
as they relate to the installation. It 
also envisions local community, pub- 
lic and labor relations insofar as 
plant cleanliness and stack appear- 
ance are concerned. It includes dust 
disposal, future plant expansion, 
stricter ordinances and space for 
future additional equipment. 

Source control envisions study and 
research to find out what is happen- 
ing in the process and evaluation of 
the problem. This includes changes 
in the process to eliminate or reduce 
the dust loss from the process. It 
also includes rehabilitation of exist- 
ing process equipment, elimination of 
sources of air infiltration, recycling 
of dust and other adverse operation 
conditions. 

Control equipment considers the 
whole engineering problem of col- 
lector selection and associated equip- 
ment and facilities to meet the over- 
all dust and fume control require- 
ments. Judicious consideration of 
alternative types of equipment or 
combinations and arrangements de- 
pends to a great extent upon past ex- 
perience with and knowledge of fail- 
ures and successes of similar installa- 
tions. 
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The Collection of Silica Fume with an 


Electrostatic Precipitator® 


This is the second paper of a series 
describing work done by the Fuels 
and Air Pollution Division of the 
Battelle Memorial Institute, under a 
joint program sponsored by the Keo- 
Kuk lectro-Metals Company and the 
Tennessee Products and Chemical 
Corporation, on the collection of sili- 
con fume from electric arc furnaces. 
Previous studies on silica-fume col- 
lection were concerned with a high 
draft loss scrubbing device and have 
been described earlier.“ 

In the production of ferrosilicon in 
an electric arc furnace, a number of 
side reactions occur which result in 
the formation of gaseous silicon 
monoxide (Si0).‘?3) The silicon 
monoxide gas upon contacting the 
relatively cool atmosphere air is oxi- 
dized to minute solid spherical par- 
ticles of silica (Si0.). These small 
spherical silica particles pour from 
the furnace as clouds of fume. The 
furnace gases also carry with them 
particles of coke, rock, and iron oxide 
whose size distribution is markedly 
greater than silica-fume particles. Rel- 
ative to the silica fume the coke, rock, 
and iron oxide dust represent a small 


*Presented at the Semi-Annual Technical 
Conference of the Air Pollution Control 
Association, Nov. 18-19, 1957, in the Fair- 
mont Hotel, San Francisco, 4 
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fraction of the total number of par- 
ticles in the furnace exhaust gases. 
Thus, the air pollution problem as- 
sociated with the production of fer- 
rosilicon in electric arc furnaces is 


Fig. |. Electron mic- 
rograph of silica fume 
particles. 


one primarily of plume opacity. 

Fig. 1 shows an electron micro- 
graph of silica fume collected over an 
electric arc furnace producing fer- 
rosilicon. The silica-fume particles 
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Electrostatic precipitator 
collection tube, 9° x 6” 

Discharge electrode, 
5/16-in. squore wire 


HH 


Fig. 2. Schematic diagram of electrostatic precipitator installation. 


are spheres whose diameters were 
generally within the range between 
0.01 and 0.5 p. 

Chemically, silica-fume analyzes 
between 50 and almost 100% Si02. 
Smaller quantities of iron, manga- 
nese, aluminum, magnesium and car- 
bon are also present. The color of 
the collected fume is from grey to 
off-white. Silica fume has a low 
bulk density on the order of 11 to 
12 lb./ft.8 

This paper reports the results ob- 
tained with a pilot-scale electro-static 
precipitator. The objectives of this 
study were to determine the weight 
efficiency of fume collection and to 
make an estimate of the economics 
of electrostatic precipitation as ap- 
plied to silica-fume collection. 


Equipment and Procedure 


Fig. 2 is a sketch of the electro- 
static precipitator installation used. 

The pilot electrostatic precipitator 
consisted of a single vertical collec- 
tion electrode in the form of a tube 
of 6 in. ID, 9 ft. long. Suspended in 
the center of the collection electrode 
was a single discharge wire 5/32 in. 
square energized from an 8 KVA.- 
vacuum-tube power pack. The unit 
was equipped with spray nozzles to 
allow wetted-wall operation. 

Briefly described, the operation of 
the electrostatic precipitator involved 
energization of the discharge wire 
with a negative high voltage sufficient 
for corona discharge. The furnace 


as molecules near the vicinity of the 
Suchen wire were dissociated into 
positive and negative ions under the 
action of the corona discharge. The 
negative ions, in being repelled from 
the negatively charged discharge wire, 
contacted fume particles and impart- 
ed charges to them. These nega- 
tively charged fume particles mi- 
grated to the grounded collection 
electrode and deposited there. The 
collected particles were either dis- 
lodged from the collection electrode 
by rapping the outer walls of the 
electrode or washed off by the de- 
scending water stream during wetted- 
wall operation. 

The inlet of the electrostatic pre- 
cipitator was connected by 8-in.- 
diam. sheet steel ducting to a 5 ft. x 
5 ft. x 3 ft. hood suspended directly 


8-1/8" ID x 13-172" OD x 1/8" 
B.C. drill for 8-3/4" bolts 
Position of 


Null-point sompler 


over the center and 26 ft. above a 
5000 KW. furnace producing 50% 
ferrosilicon. (Under normal opera- 
tion, furnace fumes and gases simply 
rose to the top of the building and 
passed out through a monitor.) Two 
specially constructed sampling and 
metering venturis were installed in 
the inlet and outlet lines of the elec- 
trostatic precipitator. A dampered 
100-cfm. blower, located in the ex- 
haust line, drew furnace gases 
through the electrostatic precipitator. 


Fig. 3 is a sketch of the sampling 
and metering venturi used. - 
tially the venturi was of standard 
meter design with the addition of two 
sampling ports welded to the diver- 
gent section of the meter. One of 
these sampling ports held a sampling 
probe positioned directly in the cen- 
ter of the furnace gases issuing from 
the throat of the meter. Samples 
were obtained in these venturis to 
eliminate any errors due to nonhomo- 
geneous fume concentrations which 
might exist in the 8-in. duct, and to 
provide sufficiently high gas velocities 
to permit the use of null-point samp- 
ling methods. 


Fig. 4 is a sketch of a null-point 
sampling device used to obtain fume- 
loading samples.‘*) Fume samples 
were collected on filter pads consist- 
ing of approximately 1.4-y-diam. 
glass fibers (Owens-Corning Fiber- 
glas PF 105). Calibrated rotameters 
connected to vacuum pumps moni- 
tored the sample flow rate. 


A null-point sampling device was 
used to insure isokinetic sampling 
throughout each run. In principle, 
the null-point sampling probe bal- 
ances the static pressure in the probe 
against the static pressure in the 
sampling and metering venturi. By 
connecting the lead from the probe 
static pressure tap and the lead mon- 
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itoring the venturi static pressure to 
opposite ends of a sensitive mano- 
meter, the state of balance of the sys- 
tem could be noted and necessary 
adjustments made quickly. The null- 
point sampling devices proved most 
useful since an appreciable quantity 
of fume deposited on the filter pads. 
This resulted in reduced flow, neces- 
sitating adjustments in gas sampling 
rates to maintain isokinetic sampling 
conditions. 

Temperature measurements were 
obtained in the fume inlet hood, at 
the inlet and outlet of the electro- 
static precipitator and finally at the 
sampling and metering venturis. A 
gas humidity measurement was taken 
in the exhaust lines of the electro- 
static precipitator. The voltage in 
the primary windings of the trans- 
former contained in the power pack 
and the amperage in the transformer 
secondary were also measured. Final- 
ly, the water-flow rate was recorded 
during wetted-wall operation. 

The procedure for operation of the 
precipitator involved an equilibration 
period at a selected furnace gas flow 
rate followed by energization of the 
discharge wire. Fume samples were 
drawn through the null-point samplers, 
placed in the metering and sampling 
venturis prior to wire energization, 
and static pressures balanced on the 
manometers. Temperature, humidity, 
voltage, amperage, and fume-sampler 
flow rates were recorded during these 
runs which lasted between 15 and 80 
min. Collection efficiency data were 
obtained from the weights of the filter 
pads before and after each run using 
an analytical balance. 


Experimental Data 


The experimental program _in- 
volved the determination of collection 
efficiencies of untreated furnace silica 
fume during operation of the pre- 
cipitator with (1) a dry collection 
electrode and (2) a continuously 
wetted collection electrode. In ad- 
dition, a pair of preliminary runs 
were made with steam-conditioned 
silica fume while operating the col- 
lection electrode dry. 


Dry-Collection Electrode Operation 


Table I lists the results obtained 
with the pilot electrostatic precipita- 
tor during dry-collection electrode op- 
eration. Six runs were made while 
operating the electrostatic precipita- 
tor with dry silica-fume-containing 
furnace gases and an additional two 
runs were made with furnace gases 
treated with steam. All runs used 


half-wave rectified voltage for ener- 
gization of the discharge wire. Half- 
wave-voltage operation was necessitat- 
ed by the failure of one of the two 
rectification tubes in the power pack. 

During these tests, inlet fume load- 
ings varied between 26.45 and 57.06 


mg./ft.2 at 60° F. and one atmos- 
phere, depending upon variations in 
furnace operation. Furnace gas tem- 
peratures were also dependent upon 
furnace operation such that the gas 
temperatures in the precipitator were 
between 110 and 161° F. The gas 


Drill 1/16-in. hole 
0.0. x 1.0. 


5/16 -in. 0.0. x 3/16-in. 1.0. 


"Drill 8 1/32-in. holes 
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copper tubing 


Connections to manometer 
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Fig. 4. Null point sampler. 
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velocity in the precipitator was varied 
from 3.07 to 6.15 fps. 

The electrical operation of the pre- 
cipitator was poor during these runs. 
As precipitated fume deposited upon 
the collection electrode it became im- 
possible to maintain electrical opera- 
tions at maximum power input due 
to excessive sparking. In general, 
power inputs had to be reduced 20 
to 30% during the course of a run 
in order to operate the precipitator. 
Rapping of the collection electrode 
apparently had little effect indicating 
the rather tenacious hold of the silica 
fume upon the collection electrode. 

The poor electrical operation found 
was characteristic of high resistivity 
dust precipitations.'®) Here the col- 
lected dust layer acts as an electrical 
insulator. Electric charges accumu- 
late on the surface resulting in large 
voltage differentials between the up- 
per and lower surfaces of the dust 
layer. The gases contained in the 
interstices of the dust layer tend to 
break down and emit ions thereby 
partially neutralizing the effects of 
the ions emitted from the discharge 
electrode. This condition of gas 
breakdown in the dust layer, com- 
monly known as reverse ionization, 
results in reduced collection efficien- 
cies and extremely rough electrical 
operation. 

Although silica fume is apparently 
a high-resistivity dust, collection ef- 
ficiencies in excess of 97% were ob- 
tained while operating the precipita- 
tor on dry untreated fume. These ef- 
ficiencies, shown in Table I, may be 
somewhat misleading in that they 
probably represent time-dependent 


average collection efficiencies. Elec- 


trical operation became rougher dur- 
ing the course of a run and it would 
have been impossible to maintain 
corona discharge for much more than 
the 75 min. maximum running time 
tried. For commercial design it 
would be necessary either to provide 
an adequate rapping system for dis- 
lodging the collected fume or to pe- 
riodically wash the fume off the elec- 
trode. The latter course of action ap- 
pears to be wiser because of the dif- 
ficulty experienced in removing silica 
fume by rapping of the collection 
electrode. 

A number of methods have been 
devised for reducing the resistivity 
of industrial dusts. They involve in- 
creasing the conductivity of the dust 
layer by introducing small quantities 
of suitable conditioning agents. Mois- 
ture, sulfur trioxide and ammonia 
have been tried and shown to im- 
prove the precipitability of a number 
of high resistivity dusts.“°7) Two 
runs were made in which steam was 
added to the silica-fume-containing 
furnace gases before they entered 
the precipitation zone. In the first 
run, gas relative humidity was raised 
to 74% while in the second the hu- 
midity was raised to 83%. Although 
these runs were insufficient to estab- 
lish the effects of moisture on silica- 
fume collection, the electrical opera- 
tion improved markedly. Contrary 
to the 20 to 30% reduction in power 
input required in order to operate 
the precipitator with dry fume, mois- 
ture-conditioned fume allowed elec- 
trical operation at a relatively con- 
stant power input. While the col- 
lection efficiency found with condi- 
tioned fume was no higher than an 


TABLE | 


equivalent dry fume run, it is un- 
likely that the precipitator could have 
been operated at the same power in- 
put for as long a period dry as with 
moisture conditioned fume. Finally 
the precipitated moist fume was easily 
removed from the collection electrode 
by rapping. 

To facilitate the use of the data 
obtained, average particle migration 
velocities were calculated and tab- 
ulated in Table I. The particle mi- 
gration velocity is defined by the fol- 
lowing relationship: ‘*? 


a (1-E) (1) 
where D is the inside diameter of the 
collection electrode, V is the gas 
velocity, L is the length of the col- 
lection electrode, and E is the precipi- 
tator collection efficiency. The par- 
ticle migration velocity is related to 
the often used precipitator constant 


by 


¥= 


w= — In (K) (2) 
4 

where k is the precipitator constant. 
The general practice has been to use 
Equation 1 in conjunction with ex- 
perimental data obtained with pilot 
scale units to determine the particle 
migration velocity or precipitator 
constant. The particle migration vel- 
ocity or precipitator constant is as- 
sumed to be constant for a given pre- 
cipitator application such that com- 
mercial size electrostatic precipita- 
tors can be designed using data ob- 
tained with smaller units. Theory in- 
dicates, however, that the particle mi- 
gration velocity is a function of dust 
particle size, precipitator charging 


Summary of Electrostatic Precipitator Tests — Dry-Collection 
Electrode Operation, Half-Wave Rectification 


Inlet Fume Gas Gas 
Loading, “’ Velocity, Temp., 
mg./ft.* ft./sec. 


Gas 
: Precipitator Input 
Voltage, KV. (RMS) 
% Average Maximum Minimum 


Average 
Collection Particle Length of 
Efficiency, Migration Run, 
% Velocity, Min. 
ft./sec. 


4.52 
44.51 4.82 130 


Dry Fume Operation 


Steam Addition 


74 34.3 37.5 30.9 
83 33.6 34.3 33.0 


(1) Based on air at 60°F. and 14.7 psia. 


MAY, 1958 


JOURNAL 


of A 


a 
T 
r 
n 
d 
2! 
pi 
as 
: ac 
fo 
st 
ve 
ay 
tic 
ay 
Wi 
| tic 
fo 
th 
ity 
to 
ci] 
sik 
va 
pa 
sil 
sul 
0.4 
ser 
un 
fro 
ele 
= Wi 
fici 
du: 
cip 
elec 
52.59 6.15 153 30 273 99.05 0.43 14 ; 
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a 32.47 3.54 129 38 30.7 42.0 25.5 99.91 0.37 60 
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32.43 5.75 161 25 33.4 43.2 26.1 98.89 0.39 45 
a 57.06 4.08 110 57 28.4 36.8 252 99.61 0.34 60 
41 
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and collection fields and gas viscosity. 
This theoretical relationship, how- 
ever, has only been shown to be 
roughly in agreement with experi- 
mental data.‘®’ At any rate, it does 
not appear wise to scale up using an 
experimental value of the particle 
migration velocity or precipitator 
constant far removed from the con- 
ditions under which this particle mi- 
gration velocity was obtained during 
pilot-scale runs. Finally, Equation 1 
assumes a steady electrical field while 
actual electrostatic precipitators are 
operated with pulsating voltage 
forms. Therefore, the particle mi- 
gration velocities calculated in this 
study are time dependent average 
velocities which were designated as 
average particle migration velocities. 

The mean average particle migra- 
tion velocity obtained during the pre- 
cipitation of dry untreated silica fume 
was 0.34 ft./sec. A maximum devia- 
tion of approximately 30% was 
found between individual values of 
the average particle migration veloc- 
ity, and the mean, and in part due 
to variations in gas temperature, pre- 
cipitator operating voltage and pos- 
sibly to length of sampling run which 
varied during this study. The average 
particle migration velocity found for 
silica fume during this study is in 
substantial agreement with a value of 
0.41 ft./sec. calculated from data pre- 
sented for a 42,000 cfm. commercial 
unit operating on dry silica fume 
from a 6000 kw. silicon-producing 
electric arc furnace.‘!®) 


Wet-Collection Electrode Operation 


An alternate approach to the ef- 
ficient collection of a high resistivity 
dust involves the removal of the pre- 
cipitated dust layer before sufficient 
electrical charge can accumulate and 
thereby disrupt the electrical opera- 


Summary of Electrostatic Precipitator Tests — 


tion of the precipitator. Dust remov- 
al is easily accomplished by directing 
a film of water over the collection 
electrode surfaces. 

Table II lists the results of seven 
runs made with the electrostatic pre- 
cipitator operating with a film of 
water running over the collection elec- 
trode surfaces. A water-flow rate of 
1.8 1./min. was maintained through- 
out. All wet-collection electrode runs 
used full-wave rectified voltage for 
energization of the discharge wire as 
opposed to the half-wave voltage form 
used during dry-collection studies. 

During this study of wet-collection 
electrode operation, inlet fume load- 
ing varied between 12.27 and 55.33 
mg./ft.2 (at 60° F. and one atmos- 
phere). Gas temperautres in the 
precipitator were between 95 and 
176° F. depending upon furnace op- 
eration. The gas velocity in the pre- 
cipitator was varied from 1.87 to 6.07 
ft./sec. In general, inlet fume load- 
ings, gas temperatures and velocities 
during wet-collection electrode and 
dry-collection electrode studies were 
equivalent. 

The electrical operation of the pre- 
cipitator during wet-collection elec- 
trode runs was stable. The maximum 
voltage which could be maintained, 
however, was approximately 30% be- 
low the maximum voltages found dur- 
ing dry-collection electrode runs and 
indicated a significant effect of the 
water film upon the electrical opera- 
tion of the experimental precipitator. 

Collection efficiencies in excess of 
92% were found during these runs. 
Calculated average particle migration 
velocities gave a mean average par- 
ticle migration velocity of 0.25 ft./ 
sec., as compared to 0.34 ft./sec. 
found during dry-collection electrode 
studies, possibly indicating the effects 
of voltage and voltage form upon pre- 


TABLE I! 


Wet-Collection Electrode Operation 


TABLE III 


Cost of Operating An Electrostatic 
Precipitator on Ferrosilicon Furnace Gases 


Basis: 88,000 cfm. of furnace gases 
Basis: 8,000 hr./operating year 
Capital investment, dollars _......... 231,00u 
Capital investment, dollars/cfm. .......... 2.63 
Yearly Operating Expenses, dollars/cfm. 
Fixed Charges, 10%/year .................... 0.263 
Electricity at 1.0 cents/KW.HR. ......... 0.047 
Total Operating Costs ................ 0.364 


(a) Nine Man Hrs. per day 


cipitator efficiency. Though average 
particle migration velocities and ef- 
ficiencies for dry-collection electrode 
runs appear to be greater than those 
found during wet-collection electrode 
runs, insufficient data were obtained 
to establish definitely these differ- 
ences if they actually exist. At any 
rate, the results of this experimental 
study indicate the feasibility of col- 
lecting silica fume at high efficiencies 
in either a dry-or wet-collection elec- 
trode precipitator installation. 


Costs of a Commercial 
Electrostatic Precipitator 


An estimate of the capital invest- 
ment costs and the operating ex- 
penses for a silica-fume electrostatic 
precipitator were made. A summary 
is given in Table III. An electrostatic 
precipitator of 88,000 cfm. capacity 
and an operating year of 8000 hrs. 
were assumed in making this cost es- 
timate. 


The capital investment was esti- 
mated to be 2.63 dollars/cfm. This 
is a high capital investment relative 
to a high-energy scrubbing device. 
Operating expenses on the other hand 
are lower than those necessary for 
operating a suitable scrubber. These 
cost estimates indicate that it would 
cost over $200,000 for a unit to 


Average 

Inlet Fume Gas Gas Gas Relative Precipitation Input Collection Particle 

] oading, ‘” Velocity, Temp., Humidity, Voltage, KV. (RMS) Efficiency, Migration 

mg./ ft.* ft./sec. ij % Average Maximum Minimum % Velocity, 

ft./sec. 
33.85 277 119 52 26.1 26.1 26.1 96.69 0.14 
55.33 1.87 95 — 25.5 26.1 25.0 99.60 0.15 
51.17 3.29 118 33 26.1 27.3 25.0 99.28 0.24 
15.77 3.32 132 — 28.4 29.5 23 98.67 0.22 
12.27 5.53 174 22 25.5 25.5 25.0 99.67 0.47 
26.35 6.07 176 22 25.2 25.9 25.0 92.90 0.24 
26.42 5.28 160 26 25.7 26.4 25.0 96.18 0.26 


(1) Based on air at 60°F. and 14.7 psia. 
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handle all of the gases from a single 
5000 kw. electric furnace. These costs 
would be extremely high for the small 
ferrosilicon manufacturer and_in- 
dicates the need for drastic reduction 
of the volume of furnace gases by 
suitable hooding and enclosure. 


Conclusions 


The collection of silica fume at 
better than 90% efficiencies has been 
found to be feasible in either a dry 
or wet-collection electrode-type elec- 
trostatic precipitator. 

Preliminary results with steam-con- 
ditioned fume indicated a marked im- 
provement in precipitator electrical 
operation over that encountered with 
dry fume. 

A cost estimate for a commercial 
size silica-fume precipitator indicates 
an investment cost of 2.63 dollars/ 
cfm. of furnace gases treated. 
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Further Investigations of the Continuous 


Slag Wool Filter*' 


C. E. BILLINGS, L. H. LEVENBAUM, C. KURKER, JR., E. C. HICKEY AND L. SILVERMAN 


In the manufacture of steel by the 
open hearth process, a shallow bath of 
molten metal is reduced in carbon 
content by directing an oil or gas 
flame across the exposed upper sur- 
face. A roof above the bath directs 
the heat down onto the metal. Va- 
porization and agitation of the molten 
lath cause fine particles of iron oxide 
1o be dispersed in the gas, along with 
the particles of other materials pres- 
ent in the reaction, such as lime, ore, 
and silicates. Mean size of these par- 
ticles is less than 0.1 » by count so 
that many are carried through the 
heat exchanger and on out the stack. 
Gas temperatures are about 1400°F. 
after leaving the heat exchanger. An 
average particulate loading of 0.4 
er./ft.8 may be present and for a 250 
ton furnace this represents about a 
ton of fume/day. 


+ This report is based on work performed 
under a contract between Harvard Uni- 
versity and the American Iron and Steel 
Institute. 

Presented at the 50th Annual Meeting 
of the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 


Harvard School of Public Health 
Department of Industrial Hygiene 
Boston, Massachusetts 


The American Iron and Steel In- 
stitute through its Subcommittee on 
Air Pollution Abatement is sponsor- 
ing research on high temperature gas 
cleaning at Harvard University. One 
phase of this research has been di- 
rected toward the use of slag wool as 
a filter fiber. Wool is made by spin- 
ning or blowing molten slag from the 
blast furnace, and its present primary 
use is for thermal insulation. 

Investigations have proceeded from 
an analysis of the problem‘’) through 
laboratory studies of the feasibility of 
using slag wool as an inexpensive re- 
fractory filter media‘), to the devel- 
opment and testing of a continuous 
pilot plant filter“). 

Fundamental requirements which 
have been set up for a slag wool filter 
for open hearth fume include removal 
efficiency of 95% of submicron fume 
from gases above 1000°F. while main- 
taining no more than 4 in. of water 
resistance to gas flow. 

Laboratory studies have shown that 
a | in. thick layer of slag wool (at a 
packing density of 5 lb./ft.4) will re- 


move over 90% of a fine iron oxide 
fume from a 1000°F. gas stream at 
100 fpm. filtering velocity. Resist- 
ance to flow is about 2 in. of water 
initially and increases as fume is col- 
lected. Each pound of fiber collects 
about 5% of its weight causing the 
resistance to rise an additional 2 in. 

In the first pilot tests on an open 
hearth furnace‘), a continuous web 
of slag wool was formed from the 
fiber and was carried by a chain-belt 
conveyor into a gas plenum to filter 
the fume. An average collection effi- 
ciency of about 60% was obtained 
in this unit. Lowered efficiency was 
attributed to mechanical factors such, 
as the difficulty of sealing the moving 
bed of fibers to a stationary surface 
and to thin areas in the bed produced 
during formation. 

Additional slurry transfer and fiber 
washing equipment was also needed 
to evaluate the practicability of auto- 
matic continuous filter operation. 

With the experience gained from 
this first study, a second pilot plant 
unit has been constructed and tested 
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(Left) Fig. 1. Continuous slaa wool filter for high temperature 
open hearth fume. 


(Above) Fig. 2. Schematic diagram of continuous slag wool filter 
unit. 
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Fig. 3. Field installation of continuous slag wool filter pilot plant II. ; 


under identical conditions. Since 
space requirements are at a premium 
in an existing steel mill the new unit 
incorporates a circular disc to carry 
the filter bed in and out of the gas 
stream, instead of the former con- 
veyor belt. A disc yields maximum 
useable area and operations take place 
over the whole surface, as opposed to 
a conveyor where a certain propor- 
tion cannot be used. 


Description and Operation 


The second continuous slag wool 
filter pilot plant consists of a 4 ft. 
diam. flat circular disc of 10 gage per- 
forated sheet steel mounted on a ver- 
tical shaft (A) as shown in Fig. 1. 
Four rolled rings of 2 in. angle iron 
form the supports for a plenum cham- 
ber surrounding 3 quadrants of the 
disc. Two of the rings are placed ad- 
jacent to the disc to act as guides for 
the top and bottom surface of the 
outer edge. The other 2 rings act as 
plenum supports and contain cross 
bars for the upper and lower vertical 
shaft bearings. The fourth quadrant 
of the circular filter is left open for 
slag wool web forming and removing 
equipment. As in the original unit, 
a slurry of the slag wool fibers in 
water is used to form the filter bed. 
The slurry is introduced at tray (C), 
where it flows over the left edge and 
down onto the disc in the open quad- 
rant. The majority of the water runs 
through the perforations in the disc 
into sump (E), leaving the fiber be- 
hind on the surface as a wet lap. As 
the disc slowly rotates, the fiber bed 
passes over a dewatering suction box 
(D) where the interstitial water is re- 
moved. The bed then advances into 
the hot gas plenum where it filters 750 
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Fig. 4. > 
Used fiber reclaiming 
system for continuous 


slag wool filter pilot 
Plant Il. 


cfm. of gas at temperatures over 
900°F. Gas from the furnace enters 
and leaves the filter at (B) and (F) 
respectively. 

Fig. 2 shows a schematic repre- 
sentation of the complete unit exclud- 
ing the fiber and water cleaning stages 
discussed below. Slag wool slurry 
was made in the large reservoir shown 
at the bottom. Compressed air from 
manifolds bubbling up through the 
water caused the fibers to go into 
suspension and kept the concentration 
uniform throughout the tank. Slurry 
was pumped to the head tank above 
the filter by means of a small dis- 
placement pump consisting of a cylin- 
drical drum with a vent valve at the 
top and a check valve at the bottom, 
alternately pressurized with com- 
pressed air and vented by means of a 
float inside the drum attached to the 
vent valve. Slurry ran by gravity to 
the filter unit from the surge tank, ad- 
ditional compressed air manifolds be- 
ing used to keep the suspension uni- 
form in this tank. 

The second pilot filter unit was in- 
stalled on the basement level of a 250 
ton open hearth furnace, in the same 
location used for the Pilot Plant I 
field tests as shown in Fig. 3. (The 
general layout of the furnace, stack, 
and unit location has been given ‘*).) 
Open hearth furnace gas was drawn 
out of the flue leading to the waste 


heat boiler through an 8 in. probe 
with a mitered end. A connecting 
duct led from this probe to the filter 
inlet, and contained a Stairmand disc 
and the upstream sampling and tem- 
perature measuring points. Two tees 
and a damper were provided in this 
line to permit the gas to be passed 
through a rotary screw agglomerator 
prior to entering the filter. The over- 
head tank is shown on the right. 
Slurry flows down to the filter from 
the constant level tank through the 
line running from the lower right cor- 
ner up into the center of the picture. 
Hot gas enters through the large line 
in the upper left, and leaves through 
the Venturi shown below this line, 
passing to a fan and stack out of the 
photograph on the left side. The air 
cylinder and gears in the center are 
used to drive the disc. Instrumenta- 
tion for tests is shown in the back- 
ground. 

After passing over the dewatering 
suction box, the bed passed into the 
hot gas plenum where it rapidly dried 
and acted as a fiber filter for open 
hearth fume. As fume accumulated, 
resistance to gas flow increased and 
the disc was rotated sufficiently fast 
to maintain a constant resistance of 
4 in. of water. When the bed had 
made 34 of a revolution in the gas 
plenum, it emerged through multiple 
flap seals to the open quadrant. At 
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tnis point the used filter was removed 
from the disc by a series of small ver- 
tical plates mounted on a moving 
chain. Small clumps of used slag 
wool were picked by each of the plates 
and carried radially outward to a 
sluice leading to the fiber reclaiming 
equipment, shown in Fig. 4. They 
were washed down into an inclined 
tank (which also contained a com- 
pressed air manifold along the bot- 
tom). A sheet metal baffle at the 
center of the tank from about 4 in. 
above the bottom to above the top of 
the liquid surface divided the tank in 
half, except for the section near the 
bottom. The dirty slag wool filter 
was redispersed and separated into 
fibers in the first half of the tank (top 
of Fig. 4) by the agitation of com- 
pressed air, Water from the sump 
below the point of new filter forma- 
tion, together with water from the de- 
watering suction liquid separator, en- 
tered the tank at this point. A cur- 
rent of water flowed from one half 
of the tank to the other underneath 
the baffle, carrying with it the reslur- 
ried slag wool fibers. Clumps of fil- 
ter not dispersed continued to float on 
the liquid surface in the first half 
section. 

After reaching the second half, the 
fibers were carried by the water over 
the lower rim of the tank onto an in- 
clined screen. The screen was made 
of a 24 in. by 24 in. piece of alumi- 
num perforated with 1% in. holes (on 
14 in, centers) mounted on a steel 
frame, hinged at its lower end and 
free to rise and fall at the upper end. 
A cam shaft underneath the frame 
lifted and dropped the screen 380 
times/min. As the slurry ran onto 
the screen, the dirty water ran 
through into a box below, leaving 
the fiber behind on the surface. The 
fiber slowly advanced down the 
screen due to the vibration and was 
continually flushed with small streams 
of clear water from a box above 
shown at the center in Fig. 4. All 
collected open hearth fume was 
washed from the fiber into the box 
below as well as short fibers, and 
whatever shot was left. Clean fibers 
were deposited in a tray at the end 
of the screen, from where they were 
returned to the main slurry tank by 


hand. 


Liquid passing through the screen 
carrying iron oxide fume, lime, short 
slag wool fibers, etc. was directed 
through a short sluice to a clear water 
filter, shown at the bottom of Fig. 4. 
A 2 in. layer of slag wool fiber sup- 
ported on an expanded metal screen 


(24 in, by 30 in.) at the bottom of a 
2 ft. high sheet metal box filtered the 
dirty liquid by gravity. Water run- 
ning through this filter was cleaned 
for reuse throughout the system. A 
clear-water pump sent it to: (a) the 
sluice leading from the filter unit to 
the wash tank; (b) the water box 
above the inclined vibrating screen: 
and (c) the main slurry tank. Water 
and slag wool were thus reclaimed 
and reused. Material remaining on 
the surface of the clear water filter 
was removed by hand about once or 
twice/hr. 

A 12 in. rotary screw agglomerator 
as described previously ‘*) was also 
installed for use during field tests as 
shown in Fig. 5. It consisted of a 
12 in. diam., 12 in. pitch, 7 ft. long 
conveyor screw mounted on a 3 in. 
diam. shaft. The screw was con- 
tained in a 16 gage metal cylinder 
about 1214 in. in diam., with a 1 in. 
wide slot in the bottom leading to a 
6 in, diam. cylindrical collecting hop- 
per running the full length of the 
screw. Six in. diam. tangential inlet 
and outlet ports were provided at the 
ends of the cylindrical casing just 
beyond the ends of the screw. Shaft 
pillow block bearings were fixed to 
the building framework, and the shaft 
was driven by a roller chain from a 
900:1 gear reducer, which in turn was 
driven by a %4 HP, 1800 rpm. electric 
motor through a 4 step V-belt sheave. 
Speed could be varied from 1 rpm. 
to 10 rpm. in 4 steps. Additional 6 
in. duct was provided to place the ag- 
glomerator in series with the filter 
unit. 


Sampling and Analysis 


The methods of sampling and 
analysis used during these studies 
were essentially the same as used dur- 
ing tests on the first pilot unit), 
Particulate samples were collected on 


Fig. 5. > 


Twelve inch diameter 
rotary screw agglom- 
erator installed during 
field tests. 


1,%; in. diam. circles of 1106-B all 
glass filter paper held in stainless steel 
probes‘?). Inlet samples were taken 
5 diam. downstream of the inlet Stair- 
mand disc and outlet samples were 
taken at the entrance to the outlet 
Venturi. Initial and final filter 
weights were used to determine the 
concentration of total solids in the 
gas stream, and colorimetric analysis 
of the sample for iron permitted the 
determination of iron concentrations 
and iron to total solids ratio. Repeti- 
tive samples taken with 2 AISI sam- 
plers (as done in the first pilot tests ) 
were obtained during the first 11 tests 
of this series, after which they were 
discontinued. 

Gas temperatures were measured by 
thermometers and thermocouples lo- 
cated in the inlet duct just beyond the 
Stairmand disc, just above the filter 
bed, and in the outlet duct just be- 
fore the Venturi meter. 

Filter pressure loss was measured 
by a vertical manometer connected 
to piezometer rings on the casing of 
the filter. A continvous record was 
also obtained with a Bristol’s Record- 
er in parallel with the manometer. 

Gas flow in and out was measured 
by manometers connected to static 
taps across the Stairmand disc and 
on the Venturi. 


Results of Continuous 
Filter Operation 


Filter Unit Only 


Sixteen tests were made on the sec- 
ond pilot plant operating continuous- 
ly (without agglomerator) for a total 
period of 22 hr. Slag wool for these 
tests as well as all other tests reported 
here was obtained from the producer 
of Mineralite located at the Bethle- 
hem Steel Company’s plant. 

A summary of results is given in 
Table I. Filter characteristics are in- 
dicated in columns 2 and 14. Thick- 
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TABLE | 


Summary of Field Results on Continuous Slag Wool Filter*—Pilot Plant I|—Filter Only 


Inlet Loadings 
gr./ft.3 


Efficiency 


% Weight % Fe203 


Total 


Inlet 
Fe203 Total 


Furnace Cycle 


PP WW 
COMO OL CO 
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No Rotation 


No Rotation 


M 
W,T,E;C,M 
C,M 


0, L, W 
M, H, 0, L 
W 


E;C,M,H, 0,L 


WW 


a. Mineralite slag wool manufactured at Bethlehem, Pennsylvania. 
At Ae t 


c. Volume STP, 70°F. and 760 mm. Hg. 


d. Furnace cycle (heat) consists of phases: empty (E); charging (C); melt down (M); add hot metal (H); ore boil (0); lime boil (L); working (W); extra 


carbon (XC) or decarb (XD) ; tapping (T). 


ness and packing density were meas- 
ured from samples taken out of the 
filter web just before it emerged from 
the plenum. These samples were lim- 
ited in number because the filter unit 
had to be stopped and cooled in order 
to gain access. It was not possible to 
remove samples as the bed emerged 
from the gas plenum because the 
picker removed the filter immediately 
adjacent to the plenum. 

Filtering velocities and average fil- 
ter resistance are given in columns 3 
and 4, at the temperatures shown in 
column 11. Average inlet dust load- 
ings (total and iron oxide) and aver- 
age filtering efficiencies are indicated 
in columns 5 and 6, and 7 and 8, re- 
spectively. The relative amount of 
iron oxide in the inlet sample (as- 
sumed Fe,0; from iron analysis) is 
shown in column 9. Operating time 
and furnace cycle are given in col- 
umns 10 and 12. 


Discussion 


Inlet dust loading 


Average total inlet dust loading to 
the filter was 0.1 gr./ft.2 (STP), the 
same as was obtained during tests on 
Pilot Plant I. Average iron content 
was 22% during these tests, or slight- 
ly lower than previously found 
(35%) . 

Loadings greater than 0.2 gr./ft.* 
were observed 4 separate times, dur- 
ing melting and working periods. 
Low loadings (< 0.05 gr./ft.8) oc- 
curred during the tapping, empty, and 
charging phases. In general, the 
loadings were related to the sequence 
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of furnace operations in exactly the 
same manner as found in previous 
field tests‘*). The reasons for lower 
loadings on this furnace were thought 
to be: (a) non-isokinetic sampling at 
the probe in the furnace flue and (b) 
non-uniform aerosol concentration at 
the sampling point. In addition to 
these factors, it has been suggested 
that good furnace operating practice 
and favorable raw materials may also 
produce lower stack loadings. 


Resistance 


Average resistance for all runs re- 
ported in Table I is 4.1 in. of water 
at an average filtering velocity of 80 
cfm./ft.? and a temperature of 570°F. 
Resistance ranged from 2.8 to 6.3 in. 
of water, and velocity from 53 to 97 
cfm./ft.2 Filter travel rate was var- 
ied slightly during operation to at- 
tempt to control resistance. (Aver- 
age rotational rate is indicated in a 
subsequent section.) It is apparent 
from the range of resistances given 
above that the filter turned too slow- 
ly at some times, and too fast at oth- 
ers. Pressure control for automatic 
filter operation was provided, but not 
used during field tests because an in- 
vestigator was usually standing by to 
make minor adjustments in speed con- 
trol. 


Original design considerations for 
a filter for open hearth fume have 
specified 4 in. of water as a desirable 
resistance. The second pilot unit will 
usually meet this requirement. Dur- 
ing periods of maximum dust loading 
increased rotation can be accom- 


plished by a higher slurry feed and 
automatic pressure actuation of disc 
rotation. 


Efficiency 


Average total efficiency from 9 
tests in Table I is 44%; average iron 
oxide efficiency from 15 tests is 51%. 
Individual values varied from 2 to 
89% (total) and 0 to 82% (iron 
oxide). Even with the improved 
peripheral seal between the moving 
filter bed and the stationary guide 
rails, efficiency has not been substan- 
tially increased over that found in 
Pilot Plant I. Because the lowered 
efficiency was thought to be due pri- 
marily to peripheral leakage while 
the disc is rotating, a series of tests 
were made with the disc stationary 
permitting the resistance to increase 
continuously. These tests are dis- 
cussed below. 


Life factor and packing density 


The average filter thickness and 
packing density from Table I are 1 
in. and 3.9 lb./ft.3, respectively. Fil- 
ters were formed on the disc without 
any direct help from the operator (ex- 
cept occasional variations in speed of 
disc rotation as discussed above) so 
that these characteristics of the filter 
represent naturally occurring values. 
Because the weight used to determine 
packing density represents the clean 
fiber plus some accumulated fume, it 
is likely that actual packing density 
was less than 3.9 lb./ft.2 Filter form- 
ing on Pilot Plant I was accomplished 
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TABLE II 
Summary of Field Results on Continuous Slag Wool Filter—Pilot Plant 1|—Agglomerator and Filter in Series 


Average Inlet Loading | Etticiency 
inch. | | | fem. crew | _‘Filter ‘Screw | Filter Mins. 
Serew | Filter | Total | Fe20s | Total | FeO | Total | Feo: | Total | Fexts Screw | Filter 

20 | 4200 0.91 | 7:3 0.073 0.023) 0.044] 0.012) 38 48 48 30 34 70 | 910 | 239; OL 
21 1 2.0 4400 61 0.96 | 7.5 0.071 0.009) 0.046) 0.006; 36 38 65 38 12 119 | 830 | 220 | XD. W. T 
22 1 2.2 5300 71 1.40 | 4.8 | 0.111) 0.032) 0.072) 0.022) 35 32 78 82 29 79} 890' 230! Ot 
23 1 3.6 5200 72 1.30 | 5.1 | 0.074) 0.016) 0.046) 0.010) 36 36 55 42 20 188 | 860 | 260 rare 
24 1 3.6 3700 52 0.87 | 7.6 | 0.074) 0.016) 0.050) 0.011) 31 30 56 57 21 86 | 810 | 220 | H,0,L 


Footnotes same as in Table I. 


with a small amount of hand pressure 
on the web surface which increased 
packing density. A mechanical tcch- 
nique such as a roller or ram-actuated 
plate would be desirable to increase 
packing density by about 20% on Pi- 
lot Plant II. 

No attempt was made to weigh the 
slag wool used during this period. 
Wool was added as required (deter- 
mined by observation of slurry con- 
centration) without recording weight 
of new wool added, so that no direct 
correlation is possible between the 
number of uses of a particular batch 
of wool and average resistance. 


During testing of Pilot Plant I, 
wool was used on a batch basis and 
testing was suspended during wash- 
ing of the fiber. Separation of shorts 
was not done directly, so that they 
accumulated in numbers during re- 
use, causing significant increases in 
resistance‘). Continuous separation 
of short fibers and reclaiming of wool 
in the wool cleaning stage of Pilot 
Plant II prevented excessive shorts 
with associated increased resistance. 
(Information on wool requirement is 
included in the following section on 
combined agglomerator and filter per- 
formance). 


Agglomerator and Filter in Series 


With the experimental apparatus 
shown in Fig. 5, a series of 5 tests 
were made covering a total of 9 hr. 
operation of the screw agglomerator 
and filter in series. Results are indi- 
cated in Table II. By means of damp- 
ers on the filter inlet, gas from the 
furnace flue was passed initially 
through the screw ag,:’omerator where 
turbulent, thermal and centrifugal 
forces cause particle aggregation and 
size buildup. The agglomerator out- 
let was connected to the slag wool fil- 


ter inlet. Gas thus passed from the 
agglomerator to the filter. 

Filter characteristics are shown in 
columns 2 and 3, and filtering veloci- 
ty and resistance in columns 5 and 
7. respectively, at temperatures shown 
in column 18. Screw inlet velocity 
(based on 6 in. diam. duct) and total 
screw resistance are given in columns 
4 and 6 at temperatures given in col- 
umn 19. The inlet loadings to the 
screw and filter (total and iron oxide) 
are given in columns 8, 9 and 10, 11. 
respectively, and corresponding screw 
and filter efficiencies in columns 12. 
13, and 14, 15. Columns 16, 17, and 
20 show the amount of iron oxide in 
the inlet sample (assumed Fe,0; from 
iron analysis), total operating time, 
and furnace cycle, respectively. 

Gas temperature entering the screw 
was frequently greater than 1000°F.. 
and fell to about 500°F. at the outlet. 
Since this temperature drop appeared 
somewhat higher than expected, a 
separate study was undertaken in the 
laboratory to determine the effect on 
heat transfer coefficients of spiralling 
gas flow in the screw agglomerator “*). 


Discussion 
Inlet loading 


Concentrations were determined at 
the inlet and outlet of the agglomera- 
tor and at the outlet from the filter 
unit by methods described above. 
Agglomerator inlet concentration 
averaged 0.08 gr./ft.* total solids 
(average of 23% FesO3). and the fil- 


ter inlet loading (also the agglomera- 


tor outlet loading) averaged 0.05 
gr./ft.3 total solids. The maximum 
loading to the screw of 0.16 gr./ft.* 
occurred during addition of hot metal 
and the minimum value of 0.03 gr./ 
ft.* during a period with the furnace 
empty. Loadings to the agglomerator 


were slightly lower than those re- 
ported above for the filter only. 
Average loadings to the filter with 
the agglomerator in series were re- 
duced to about half as much as with 
the filter alone. This is apparently 
due to the slightly lower average load- 
ing into the agglomerator, and a posi- 
tive collection efficiency in the ag- 
glomerator. 


Resistances 


Average total resistance of the ag- 
glomerator was 1.1 in. of water at 
4500 fpm. inlet velocity and 820°F. 
inlet temperature. 

Average filter resistance was 6.5 
in. of water at 62 cfm./ft.? filtering 
velocity. The average temperature at 
the filter bed of 230°F. was consider- 
ably lower than that obtained with the 
filter unit alone (570°F.). Presum- 
ably the lower temperature is less ef- 
fective for drying the damp slag woo! 
filter, leading to a higher average re- 
sistance and lower filtering velocity 
than with the filter only. 

It was observed many times during 
this period that increasing the rota- 
tional speed of the filter unit to at- 
tempt to lower the resistance actually 
caused higher resistance. If the tem- 
perature of the incoming gas is too 
low the bed does not dry rapidly, and 
a slower rotational speed is desirable. 
On the other hand, collected materia) 
accumulating on the filter causes re- 
sistance to rise and requires a faster 
rotational speed. Using a water slurry 
of slag wool to form the filter requires 
that a reasonable drying temperature 
be maintained in the filtered gas. 


Efficiency 


Collection efficiency of the aggiom- 
erator-filter combination averaged 
60% based on total weight and 50% 
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TABLE III 


Slag Wool Consumption and Filter Rotation Rate—Pilot Plant II 


Cumulative Wool 
Time Used 
Min. Lb. 


Cumulative nad | 


Number of a 


Wool Use b | Filter 
Tons /day Rotation 


Strokes® Thickness 
Inch. | 


Rate 
Min. ‘rev. 


30 
15 (est) 


8.8 
11.6 
8.1 
7.5 


. Each stroke is 1/19th of a revolution. 


. Wool use rate, tons/day (24 hr.), for 50,000 cfm. of gas: 


characteristics (Col. 5, 6) and rotation rate (Col. 9), washed wool, used 8 times. 


based on iron oxide. Individual to- 
tal values ranged from 25 to 90%, 
and iron oxide values from 0 to 88%. 
The filter efficiency was improved 
with the agglomerator in series, al- 
though it is difficult to assign this im- 
provement solely to the agglomerator. 
Side effects such as a damp bed and 
lower gas temperature and filtering 
velocity were present. 

Test 22 (Table I1) was conducted 
continuously for an hour and 20 min.. 
giving satisfactory results for most of 
this period. Collection efficiency var- 
ied from 66% to 90% at filter resist- 
ances of 3.8 to 6.4 in. of water and ve- 
locities of 62 to 78 cfm./ft.2 The ef- 
ficiency and filtering velocity are 
slightly lower, and pressure loss 
slightly higher than original design 
specifications for the open hearth fil- 
ter pilot plant. This test illustrates 
the variation in results due to the ex- 
perimental conditions, and indicates 
that with minor modifications we can 
achieve the desired operating condi- 
tions. 


Life factor and packing density 


Average filter thickness and pack- 
ing density for tests of the combined 
agglomerator-filter unit are 1 in. and 
2.8 |b./ft.*, respectively. Here, the 
naturally occurring packing density is 
substantially lower than the 5 |b./ft.* 
indicated by laboratory tests as de- 
sirable for filtration, and a roller or 
ram acting on the filter surface would 
assist in achieving satisfactory values. 

During tests 19 through 24 observa- 
tions were made on the amount of 
slag wool used and the rate of rota- 
tion of the filter disc as shown in Ta- 
ble III, columns 1 through 4. Wool 
was added when required by visual 
observation of the slurry and bed 
forming process, the criteria being 
when the slurry was too dilute, exces- 


sive time was required to form a filter 
bed. Based on experience with Pilot 
Plant I, slurry concentrations 
were not made too thick since this 
seemed to cause a coagulation and 
balling-up of the wool, which made it 
useless as a filter. Samples of the 
slurry obtained at different periods 
have indicated that an average con- 
centration of 0.1% was maintained. 
Most of the operation was made with 
slurry concentrations about oth as 
high as the probable maximum limit 
water will carry before coagulation 
becomes a problem. 

From the total amount of wool used 
(Table III, column 3) and elapsed 
time (column 2) it is possible to cal- 
culate the rate of wool consumption. 
This has been done in column 7 and 
the figures given are predicated upon 
a full furnace volume of 50,000 cfm. 
of gas (50,000/750, multiplied by the 
amount used in the pilot plant) for a 
24 hr. day. Average wool use is 8.5 
tons/day, as received including shot 
(slag spheres). For a 250 ton open 
hearth furnace about 8.5 tons of slag 
waol would be required, based on the 
actual consumption of a 750 cfm. pi- 
lot plant operated for a test period of 
12.2 hr. (i.e., 734 min.). If shot runs 
as high as 50% of the wool as re- 
ceived, by weight, then actual fiber 
consumption is about 4.25 tons/day 
which agrees reasonably well with es- 
timates from previous field and lab- 
oratory studies of 1 to 3 tons/day. 

Another estimate of wool consump- 
tion can be made from the measured 
filter characteristics, thickness and 
packing density (columns 5 and 6) 
and the filter rotation rate (column 
9). By calculating the amount of 
wool actually on 7.5 ft.? of the filter 
and applying the rotation rate, wool 
use rate/min. for the 750 cfm. pilot 
plant can be prorated to that required 


A. Based on Ib. of wool actually used (Col. 3) containing up to 50% shot; B. 


Based or. filter 


for a full furnace volume. To arrive 
at a conservative estimate, wool has 
been assumed to be recycled 8 times. 
as found in the previous pilot plant 
study ‘*), Average wool consumption 
rate from this calculation (shown in 
column 8) is 6.8 tons/day. 

If the assumption of 8 times wool 
recycle is correct, then this figure in- 
dicates that (by comparison with 8.5 
tons/day from actual use rate) the 
slag wool used during these tests had 
about (6.8/8.5) 20% shot. If, on the 
other hand, it is assumed that shot 
comprises 50% by weight of the wool, 
then the number of recycles or reuses 
of the wool must have been on the 
order of 13 times to give a net con- 
sumption of useable wool of 8.25 
tons/day. Unfortunately, no actual 
measurements were made of the shot 
content of wool used during these 
tests. Wool used in the laboratory 
from the same producer has been 
checked a number of times and it ap- 
pears that on the average this wool 
has a shot content of 25%. 


Sulfur Gas Removal 


During field evaluation of Pilot 
Plant I preliminary tests indicated 
that slag wool was removing gaseous 
sulfur compounds which seemed to 
cause fiber attrition. Further investi- 
gation in the laboratory’) showed 
that Mineralite fiber removed 26% 
SO. gas and 69% mist. Fil- 
ters exposed to acid mist appeared to 
deteriorate in a manner similar to 
that observed during field studies. 

Sulfur dioxide samples were taken 
during continuous operation of Pilot 
Plant II. Through the cooperation of 
the Bethlehem Steel Company, Indus- 
trial Hygiene Department, samples 
were analyzed by three different meth- 
ods to evaluate the most useful one 
with results as reported in Table IV. 
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The method indicated as I,-KI is de- 
scribed by Pearce and Schrenk ‘®), the 
fuchsin method by Stang, Zatek and 
Robson‘), and the BaSO, method is 
done by turbidimetric estimate of the 
precipitate. 

Average inlet sulfur dioxide con- 
centration by each method is 66 ppm. 
I. KI, 62 ppm. fuchsin, and 98 ppm. 
BaSO,, indicating that the Iy-KI and 
fuchsin methods give similar results. 
Average positive collection efficiency 
by each of the 3 methods is 39% Iv- 
KI, 72% fuchsin, and 13% BaSQ,. 
For all positive tests average removal 
is 49%. 

After the first 4 preliminary tests 
with I,-KI, the testing was done serial- 
I, as indicated by numbers in the last 
column of Table IV. Simultaneous 
up- and downstream samples were 
taken for each of the three methods 
in succession. In test No. 1, the I.- 
KI method was used first (line 5), 
then the sample for fuchsin analysis 
was obtained (line 9), and finally the 
BaSO, sample was taken (line 13). 
This procedure was repeated in tests 
2,3 and 4, Comparing concentration 
and efficiency results on the basis of 
test number does not give a strong 
correlation between methods of analy- 
sis. A comparison of average inlet 
concentration indicates that the spe- 
cific fuchsin method yields the lowest 
values while the non-specific I,-KI 
and BaSO, methods give results that 
are somewhat higher. Based on these 
tests the slag wool filter removes 
about 50% of SOs from an average 


TABLE IV 
Sulfur Dioxide Removal by Continuous Slag Wool Filter Operating on Open Hearth Fume 


| 
$O2 Concentration 
Filtering Average PPM. 
Velocity Resistance 
fpm, Inch. H20 


Outlet 


Efficiency 


Analytical 
Method 


Temperature 
For SOz 


WW WP OO Wr PO 


12-KI Preliminary 


of 75 ppm. in open hearth furnace 
gas, while performing its primary 
function as a particulate filter. 


Results of Stationary Filter Operation 
Filter Unit Only 


Average collection efficiency for 
open hearth fume in Pilot Plant II 
was about 50% when tested during 
continuous filter formations. This 
was not substantially better than ob- 
tained in Pilot Plant I. To obtain a 
better edge seal in the new unit, the 
periphery of the disc rode in a cir- 
cular track formed by two rolled 


TABLE V 


angle iron rings. As the filter bed 
was formed fibers were overlapped 
onto the upper surface of the top ring 
so that as the filter rotated the fibers 
could assume whatever form was re- 
quired to keep gas from leaking past 
the filter. 

Since filter efficiency with this 
method of sealing was not significant- 
ly higher than in previous tests, it was 
suggested that possibly a moving seal 
of such simple construction was in- 
adequate. To attempt to eliminate 
the effect of peripheral leakage due 
to rotation, a series of tests were made 


Stationary Slag Wool Filter Tests on Open Hearth Fume—Pilot Plant 1I—Filter Only 


Filter Density 
Lbs. /ft.3 


Filtering 
Velocity 


Resistance 
Inch. H20 


| Inlet Loading Efficiency 


gr./ ft.3 | 


% | Weight Inlet 


fpm, 


| initial | Final | Total | | Total | 


Operating 


Furnace Cycle 
Time Temp. 


Mfns. oF. 


I” 3.5 


Bw oS 
wow ow a 


IM 5.5 
IM 4.0 
3.4 


3.2 


3.6 


3.0 


Sw wo Se wo S 


oun 


wore 
wore 


0.122} 0.034) 75 71 30 
0.095 | 0.015| 71 71 
0.044 | 0.004 
0.311 | 0.013 
0.087 


Footnotes same as in Table I. 
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30 56 13 73 800 2 
| 90 36 25 30 820 3 
| 24 14 42 830 4 
110 | 43 65 850 
100 74 102 850 2 
90 189 125 34 — 4 3 
0 | 68 58 18 840 mT 4 
| 100 3. 45 19 59 860 Fuchsin | 1 
100 4 94 38 61 880 —_ 2 | 
80 6 | 8 89 900 3 
| 0 3. 43 10 | 715 4 
9 | 4. 55 740 | BaSO, 1 
100 4. 176 235 2 
110 4. 90 78 | 13 870 — 3 
100 4. 72 | 4 
| 
| 
Filter | 
Thickness Test | Remark 
| 
1 78 | | 15 700 L 32 Wet 
) 85 10 800 ” ” ” ; 
i 77 12 | 670 c 34 Dry | 
74 | 12 780 ” ” vw : 
| | 
79 | 20 | 720 L 35 
| 58 | 0.105 | 0.032) 98 | 95 | 31 | | 760 
| 78 | 0.310| 0.045} 88 | 80 | 15 | 12 | 680 36 
n 
80 0.055 | 0.008) 79 | 21 8 | 15 | 680 Ww 39 
a 85 0.051 | 0.008; 53 | 13 8 | 16 | 810 | wT 
| 84 0.036 | 0.003; 7 | .. 8 | 10 | 830 T 
85 g | | " " | 
| 79 0.147| 0.027; 42 | 48 | 18 | 14 | 70 | MH 40 . z 
68 0.032; 87 | 82 | 14 | | 780 H 
| | : 
L of APCA 59 | 


TABLE VI 
Stationary Slag Wool Filter Tests on Open Hearth Fume—Pilot Plant |I—Agglomerator and Filter in Series 


Inlet Loading 
gr. /ft.3 


Efficiency 
% Weight 


Screw | 


| 
Resistance 


Filter- Inch. H20 Inlet Temp. 


OF, 


Filter Screw | Filter Filter 


Initial | Final | Total | Fe203 | Total | Fe203 | Total | Fe203 | Total | Fe203 Screw | Filter 


0.105) 0.036| 0.091) 0.039) 13 | .. | 63 | 66 
0.077| 0.025} 0.065) 0.024) 15 83 | 69 


0.010 


COO 


~e 


errs Serrrs ser 


1% | 3.0 


2. 
4. 
2. 
5: 
8. 
2: 
5. 


no 


44 
| 3.2 


Footnotes same as in Table I. 


with stationary filter beds. A clean 
bed was run into the unit in the usual 
manner before gas was admitted from 
the furnace flue. Preliminary tests 
were made with the filter as formed 
with its residual moisture. When hot 
furnace gas was admitted in these 
cases a certain amount of drying oc- 
curred causing the resistance to fall 
during the first part of the test, then 
as fume accumulated the resistance 
rose, which made analysis of results 
rather difficult, Subsequent tests were 
made by first drawing room air 
through the filter until the bed dried 
and resistance fell to a constant value. 
The unit was then tested with the bed 
held stationary, allowing resistance to 
rise as required. Filtering velocity 
was held relatively constant during 
the test within the limits of the fan 
capacity. 

Table V presents results of sta- 
tionary filter tests without the agglom- 
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erator. The average filtering velocity 
and resistance is given in columns 3, 
4, and 5, and average inlet loading 
and efficiency in columns 6, 7, and 
8, 9, respectively. Test numbers 32 
and 33 (column 14) were with ini- 
tially wet filters, the remainder (34, 
35, 36, 39, and 40) with filters that 
had been dried on room air. Tests 
covered approximately all cycles of 
a furnace heat (column 13). 
Average filtering velocity was 76 
cfm./ft.? and resistance with initially 
dry beds rose from 2.5 to 9.5 in. of 
water during an average length of run 
of 29 min. When the furnace was be- 
ing charged (test 34) the filter ran 
for 24 min., resistance increasing 
from 3.5 to 9.9 in. of water; while 
melting (test 36) it ran for 18 min., 
going from 2.3 to 9.6 in. of water; 
while melting and during the hot 
metal pour (test 40) it ran for 25 
min., going from 1.1 to 10.0 in. of 


water; during the lime boil (test 35) 
it ran for 31 min., going from 4.5 to 
10.4 in. of water; and finally at the 
end of the heat, while working, tap- 
ping, and empty it ran for 49 min. 
(test 39) going from 1.1 to 7.5 in. 
of water. 


Average collection efficiency of the 
5 dry runs was 75% (based on total 
weight concentration) which is sub- 
stantially higher than the value ob- 
tained with the filter operating con- 
tinuously (59%). Stationary effi- 
ciencies ranged from 42 to 98% (to- 
tal weight basis) with half being 
about 90% or higher. 


Agglomerator and Filter in Series 


A summary of stationary filter tests 
on the combined agglomerator and 
filter unit is given in Table VI. This 
table corresponds to Table V with the 
addition of columns 4, 6, 9, 10, 13, 
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14, and 19 which contain the operat- 
ing results pertaining to the screw 
agglomerator. 

In the combination unit average 
filtering velocity of initially dry beds 
was 70 cfm./ft.*, resistance rising 
from an average of 1.6 to 9.4 in. of 
water during an average length of run 
of 38min. During the charging cycle 
(test 41) the unit ran 40 min., resist- 
ance rising from 1.3 to 10.0 in. of 
water; during melt down (test 43) it 
ran 40 min., going from 2.1 to 8.8 in. 
of water; during an ore boil (test 42) 
it ran 45 min., going from 1.1 to 9.0 
in. of water; and during a lime boil 
(test 44) it ran 25 min., going from 
2.0 to 9.8 in. of water. 

In general, the length of run (even 
with initially wet filters) is related to 
amount of material that the furnace 
j- emitting. For example, during tap- 
ping, empty and charging cycles (test 
31) a period of low dust and fume 
production, an initially wet filter ran 
for 74 min., resistance falling during 
drying from 11.1 to 5.4 in. of water 
‘during 40 min.) and then rising as 
fume was collected to 10.2 in. of 
water (during 34 min.). Tests 29 
and 30 represent high loading condi- 
tions, the filter operating for 37 and 
28 min., respectively. This pattern of 
resistance change is observable in all 
wet runs, but there is some doubt as 
to whether all started from the same 
datum resistance condition since resid- 
ual moisture was not determined in 
all cases. 

Average collection efficiency for 
the 4 dry runs was 90% (based on 
total weight concentrations) with a 
range from 75 to 98% and 9 of the 
11 runs about 90% or greater. 


Discussion 
Resistance 


Since filters were held stationary 
a criterion of 10 in. of water was used 
as maximum allowable filter _resist- 
ance as contrasted to 4 in. of water 
used during continuous operation. 
Average resistance of the filter only 
(stationary) was 6.5 in. of water with 
a range from 1.1 to 10.8 in. With 
the agglomerator in series the average 
resistance of the filter was 6.3 in. of 
water, ranging from 1.3 to 11.0 in. 


Rate of resistance increase 


Because the filters were stationary 
in the above tests, it is possible to de- 
termine the resistance increase due to 


fume accumulation. The rate has 
been calculated by taking the change 
in resistance of any test or observa- 
tion in Tables V and VI which show 
an increase and dividing by the time 
interval during the change. For ex- 
ample, in Table VI, test 27 (the first 
3 lines) the resistance fell from 6.4 
to 5.7 in. of water during 20 min. as 
the filter dried out, then rose from 6.4 
to 7.9 and from 8.2 to 9.4 in, of water 
as fume accumulated during 10 min. 
in each case. The rate of increase is 
then calculated only from the second 
and third observations as 0.150 and 
0.120 in. of water/min., respectively. 
The average of all values for the sta- 
tionary filter only is 0.216 in. of water 
/min. and for the combination ag- 
glomerator-filter is 0.163 in. of 
water/min. This means that the ag- 
glomerator is actually producing a 
lower resistance increase in the filter. 
If clean filter resistance is 2 in. of 
water and a 2 in. rise is permitted 
then the stationary filter alone will 
operate 9.3 min. (on the average) be- 
fore reaching 4 in. of water and under 
the same conditions the agglomerator- 
filter combination will operate 12.3 
min. (If the upper resistance limit is 
extended to 6 in. of water then the 
filter alone will operate 18.6 min. and 
the combination unit will operate 24.6 
min.) This implies that use of the 
agglomerator will extend fiber usage 
about 30% or that 30% less fiber is 
required. The average resistance 
across the screw agglomerator was 
1.0 to 1.5 in. of water to achieve this 
change in filter performance. 


Efficiency 


As indicated above, average effi- 
ciency was on the order of 90% with 
stationary slag wool filters, which is 
approximately the value found in lab- 
oratory tests. This seems to be fairly 
conclusive evidence that a stationary 
bed will collect greater than 90% of 
the open hearth fume and that con- 
tinuous slow rotation causes reduc- 
tions in amount collected because of 
the difficulty of making a tight slid- 
ing seal. Future pilot plant units will 
include plans for an operating cycle 


of relatively long dwell while the fil- 


ter bed is being made and rather rap- 
id transfer between positions so that 
the time for bed movement can be 
kept to a minimum. It is also ex- 
pected that the next pilot unit will 
have provision for some type of posi- 
tive liquid seal. 


Life factor and packing density 

At the conclusion of most tests of 
stationary filters, both with and with- 
out the agglomerator, samples were 
taken of the used filter bed and of the 
clean web still remaining in the open 
quadrant. Average clean filter thick- 
ness and density for the filter unit 
only was 1.64 in. and 2.9 lb./ft.* 
Average dirty thickness and density 
was 1.43 in. and 3.7 |b./ft.*, respec- 
tively. If the average clean filter was 
compressed to 1.43 in. its packing 
density would increase to 3.3 lb./ft.* 
so the net increase in weight of the 
filter due to accumulated fume is 0.4 
lb./ft.4 or (0.4/3.3) 12%. Based on 
an assumed reuse of wool 8 times, the 
total fume recovered is 96% of filter 
weight or 96 lb. of open hearth fume/ 
100 lb. of wool. Average increase in 
resistance for dry filters was found 
to be 2.5 to 9.5 or 7 in. of water, giv- 
ing a life factor (B/Ap; 96/7) of 
14%/in. of water increase in resist- 
ance. For an allowable resistance in- 
crease of 2 in. of water‘*) the fume 
recovery factor B becomes 28%, 
which represents a reasonably good 
check on the experimentally deter- 
mined value from tests of Pilot Plant 
I (34%). 

Average clean filter thickness and 
density for tests on the combined ag- 
glomerator-filter was 1.50 in. and 2.75 
lb./ft.3: average dirty values were 
1.56 in. and 3.35 lb./ft.*. Net fume 
accumulated was 0.60 lb./ft.2 or 
(0.6/2.75) 22%, if the change in 
filter thickness is assumed negligible. 
With an assumed life or recycle of 8 
times the fume recovery is increased 
to 176%, or 176 lb. of fume/100 lb. 
of slag wool. The resistance of initial- 
ly dry filters increased on the average 
from 1.6 to 9.4 or 7.8 in. of water. 
Filter rating factor (B/A\p) is there- 
fore (176/7.8) 22%/in. increase in 
resistance. Allowing 2 in. of water 
increase in resistance, the fume re- 
covery factor becomes 44%, which 
is about 22% higher than that found 
in the first pilot plant tests (34% ). 

The increase in filter rating factor 
from 28 to 44% is another direct in- 
dication that the rotary screw agglom- 
erator is performing as_ intended. 
Larger particle size should increase 
the amount of fume recovered /unit 
weight of slag wool used, and this ap- 
pears to be the case. The average in- 
crease in fume recovery factor B with 
the agglomerator in series with the 
filter is 36%, or about the same as 
the improvement found from the in- 
dependent analysis of the rate of in- 
crease of filter resistance (30%). 
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TABLE VII 


Screw A’gglomerator® — Impinger” Efficiency Studies 


Screw Temperature F Loading4, gr. /ft.2 Impinger # 

Test Inlet Resistance Fe20s Furnace 
No. Velocity® Cyclee 
fpm Inlet Outlet % Fe203 | Down Up Down | Overall Up Down 

A 7100 1250 650 LJ 0.34 13 0.34 6 89.2 94.4 0 1 2 W 
B 7400 1250 660 1.6 0.19 38 0.13 2 93.5 95.1 30 1 2 + 
C 7400 1250 640 1 0.40 14 0.31 9 95.9 94.5 24 1 2 HM, 0 
D 7200 1270 660 1.6 0.32 19 0.18 15 98.9 99.2 43 1 2 0 
E 7200 1270 660 1.6 0.48 29 0.34 11 99.6 99.7 30 2 1 L 
F 7500 1220 660 1.6 0.32 47 0.23 18 98.8 98.3 27 2 1 W 


a. Screw rotating at 1.67 rpm. 
b. Large impinger with 100 cc. H2O followed by 1106B glass filter paper. 


Rotary Screw Agglomerator Tests 
Efficiency for Particulate Removal 


Sampling and analysis 


Samples of inlet and outlet dust 
concentrations for the rotary screw 
agglomerator were taken with the 
same probes used on the filter unit. 
The upstream sample was taken 5 
diam. after a Stairmand disc but the 
downstream sample was taken in a 
rather short section of the outlet pipe 
where a Stairmand disc could not be 
used. 


Analysis of samples was done by 
weighing all-glass filter papers before 
and after use and by determining the 
iron content in the collected sample. 

In order to duplicate laboratory 
test conditions on a 3 in. agglomera- 
tor‘) a settling chamber was placed 
in the outlet line of the 12 in. ag- 
glomerator used for field tests. A 55 
gal. drum was provided with 6 in. 
collars on top and bottom; a 6 in. 
diam. flanged collar and a plate were 
added half-way on the side; and a 
hinged baffle was put inside to par- 
tially close the area of the drum. This 
chamber was put in the outlet with 
its major axis horizontal, the top of 
the drum became the inlet and the 
bottom the outlet; the side cleanout 
port was at the bottom. Several sam- 
ples of this chamber were also made, 
as described above, with the baffle up 
(open area) and down (partially 
closed area). 


Discussion 


Results of a series of tests on screw 
agglomerator collection efficiency for 
operation without baffle chamber, and 
with the chamber, baffle up and down, 
indicate that average collection effi- 
ciency of the screw agglomerator 
alone was 40% based on total weight 
loadings, and 33% based on iron 


c. At temperature indicated in third column. 


oxide loadings. With the baffle cham- 
ber after the agglomerator, average 
efficiency was 41% (total) and 32% 
(Fe,03) with baffle up, and 43% (to- 
tal) and 41% (Fe.03) with the baffle 
down. Baffle chamber efficiency aver- 
aged about zero percent with baffle 
up and down. The largest majority 
of results for the chamber indicated 
a slightly higher concentration com- 
ing out of the chamber than going in, 
which indicates a relatively low effi- 
ciency for the chamber and a possible 
sampling error. 

The average screw agglomerator 
efficiency from all tests (including 
those with the screw in series with the 
fitter unit) was 36% (total weight). 
Based on laboratory tests‘) and be- 
cause there was a possibility of some 
air in-leakage to the screw through 
the long seams at the bottom (between 
the screw and the hopper), it is more 
realistic to assume that actual effi- 
ciency of the screw may be somewhat 
lower. Laboratory tests of a 6 in. 
agglomerator have indicated that effi- 
ciency is about 10%. 


Heat transfer studies also showed 
that the large temperature drop found 
in the field agglomerator (500 to 
600°F.) must have been partly due 
to leakage of cold air into the unit. 
It is more conservative to assume that 
the agglomerator efficiency is about 
10 to 15% and the higher average 
value found during field studies was 
due to air leakage and a possible er- 
ror in the downstream sample. 


Agglomeration 
Sampling and analysis 


In order to check the agglomera- 
tion of submicron particles in the 
field unit, efficiencies of two types 
of size-selective dust collectors were 
investigated when operated on fume 
from the inlet and outlet of the ag- 


d. Volume at STP, 70°F., 760 mm. Hg. 
e. Furnace cycle symbols same as shown in Table I. 


glomerator, Standard impingers were 
placed at the outer end of short probes 
and gas samples were drawn with 
these by means of the usual sampling 
probe placed after the impinger. Ma- 
terial passing the impinger was col- 
lected on 1106-B all-glass paper held 
in the probes. Analysis of these sam- 
ples for total weight and iron oxide 
was done in the usual manner (by 
first evaporating the water from the 
impinger samples). 

Aerotec cyclones (3 in. in diam) 
were placed at the end of probes lead- 
ing to the imet and outlet ducts of the 
agglomerator and high volume sam- 
plers containing Type S pleated filters 
were used to draw gas samples 
through the cyclones, the filter being 
used to collect the material passing 
the cyclone. A quantity of room air 
was also drawn in through an orifice 
meter after the cyclone, lowering the 
gas temperature into the high volume 
sampler to protect its motor windings. 
Analysis of these samples was made 
by weighing material collected in the 
cyclone hopper and on the pleated 
filter (iron analysis of the material 
was also made in the usual way). 


Discussion 


The factors tending to cause par- 
ticulate agglomeration in dynamic gas 
streams have been presented in a pre- 
vious report‘*). If open hearth fume 
has been caused to agglomerate to a 
significantly larger size, then collect- 
ing devices that are sensitive to par- 
ticle size may be expected to show an 
improved efficiency on fume from the 
outlet of the agglomerator, over that 
from the inlet. To test the screw ag- 
glomerator by these indirect methods, 
(and to check laboratory results ‘*) 
in the field) standard impingers at 
sonic velocity were used to sample 
up- and downstream of the agglom- 
erator with results as indicated in Ta- 
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ble VII. In tests A, B, D, and E, 
downstream impinger efficiency was 
greater than upstream efficiency, in- 
dicating some particle size increase. 
Test C and F showed slightly higher 
efficiency for the inlet impinger. 
Average inlet impinger efficiency was 
06%, average outlet was 97%, which 
leads to the belief that particulate ag- 
vlomeration is occurring. This is par- 
ticularly true when the net positive 
collection efficiency of the agglom- 
erator is considered (26% average in 
these tests) for this collection is un- 
doubtedly due to centrifugal action 
which will affect mostly the larger 
particles. If the larger particles are 
removed in the screw then the outlet 
aerosol would be finer (without ag- 
vlomeration) yielding lower collec- 
tion efficiency in the outlet impinger. 
\n increase in downstream impinger 
ficiency, even when larger particles 
are removed, gives evidence of par- 
ticulate agglomeration. 

Results of a similar study on the 
efficiency of cyclone collectors on the 
up- and downstream fume of the ag- 
clomerator is given in Table VIII. 
Cyclone efficiency was determined on 
the agglomerator itself in tests A and 
B. Upstream cyclone efficiency was 
higher than downstream efficiency in 
hoth of these tests. Tests C, D, and 
EK were run on the inlet to the ag- 
glomerator and outlet from the set- 
tling chamber and indicated a signifi- 
cantly higher efficiency for the down- 
stream cyclone, The fact that dust 
concentrations determined from the 
downstream unit are consistently 
higher than those determined up- 
stream makes these results of doubt- 
ful value, and points to a possible 
sampling error. On the basis of the 
cyclone efficiencies themselves, it 
would appear that agglomeration is 
occurring in the screw. Considering 
the higher downstream concentration 


makes this conclusion liable to criti- 
cism. There is a possibility of some 
particulate agglomeration occurring 
in the screw in these tests but it is not 
conclusive. 

The combined results for both im- 
pinger and cyclone efficiency studies 
would seem to indicate that the ro- 
tary screw agglomerator is producing 
particulate agglomeration, as_theo- 
retically concluded, and as found in 
laboratory studies *?. 

As a direct measure of agglomera- 
tion, inlet and outlet fume samples 
were taken on electron microscope 
targets with the electrostatic precipi- 
tator described previously *). Pre- 
liminary analysis of these samples at 
12000X magnification (on an RCA 
EMT Electron Microscope) has indi- 
cated that inlet samples have a count 
median diam. of 0.214 » with a geo- 
metric standard deviation of 2.06. 
Downstream samples have a diam. of 
0.295 » and a deviation of 2.06, which 
would indicate some particulate ag- 
glomeration. Unfortunately, the re- 
solving power of the electron micro- 
scope used was not sufficient to de- 
lineate all of the fine particles that 
previous work has shown to be pres- 
ent‘*), Further analysis on a more 


powerful microscope will be done to 
firmly establish the particle sizes. 


Conclusions 


1. Field tests of the second con- 
tinuous slag wool pilot plant operated 
normally on open hearth fume have 
indicated an average collection effi- 
ciency of 50%, ranging from 0% to 
89%. 

2. A rotary screw agglomerator 
preceding the unit gives an average 
efficiency for the filter of about 55% 
with a range from 25% to 90%. 

3. Stationary slag wool filters gave 
an average efficiency of about 90%. 


TABLE VIII 


4. Minor redesign of the unit to 
provide a positive seal and sequential 
indexing should give uniform collec- 
tion efficiencies greater than 90%. 

5. Resistance of the normally op- 
erated continuous filter was controlled 
by varying rotation speed and was 
maintained most of the time at about 
4 in. of water without difficulty. Oc- 
casionally fume emission from the 
furnace exceeded the ability of the 
filter forming process and resistance 
rose to greater than 6 in. of water. 

6. Average resistance of stationary 
filters was about 6.5 in. of water 
ranging from an initial value of 1.2 
in. of water to about 10 in. of water 
finally. 

7. Stationary filters operated on 
the average about 30 min. 


8. The rate of resistance increase 
for stationary filters was 30% lower 
when the screw agglomerator was in- 
cluded in series with the filter unit. 
Use of the screw agglomerator should 
extend fiber usage about 30%. 

9. Average resistance of the screw 
agglomerator was on the order of 1.5 
in. of water. 


10. Web packing density and thick- 
ness should be more closely controlled 
during formation. 


11. Observations on the 750 cfm. 
pilot plant indicate that about 4 tons/ 
day of slag wool would be required 
for an average 250 ton open hearth 
furnace which is about the same as 
calculated from previous field tests. 


12. Automatic washing and re- 
claiming of slag wool fibers needs 
some investigation to determine the 
optimum conditions for maximum 
cleaning and minimum fiber break- 
age. 

13. Average dust loading to the fil- 
ter was about 0.1 gr./ft.* or essen- 
tially the same as found in studies on 


Pilot Plant I. 


Screw Agglomerator* — Aerotec” Cyclone Efficiency Studies 


Screen Temperature— °F. 


Velocity¢ Settling 


Outlet 


Loading4—gr. /ft.2 


Efficiency 
Furnace 


% Fe203 % Fe203 


Cycle 


Screw rotating at 1.67 rpm. 


- Size 1, Design 3, rated volume 85 cfm. at 4000 fpm. inlet velocity, followed by High Volume Sampler. 


>. At temperature indicated in third column, 
- Volume at STP, 70°F., 760 mm. Hg. 


e. Baffle down. 
f. Rapping probes to dislodge dust. 
g- Furnace cycle same as shown in Table I. 
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| | 
No. "H20 | nm 
fpm Inlet Tf | Chamber Up Up Down | Overall | | | 
A 7500 1160 610 440 0.14 58 0.068 54. 4.8 52 Scr. W 
B 7400 1180 625 460 1.8 0.21 50 0.065 46 a 2.0 69 Scr. Ww ie 
C 7500 1250 660 460 1.7 0.10 61 0.13 61 15.0 31.6 a Set. Ch.e 0 : 
} D 7400 1260 645 450 1.8 0.15 58 0.17 59 4.2 8.9 Ae Set. Ch.e a ; 
Ef 7400 1200 645 450 1.8 0.10 | 65 0.28 58 6.7 13.3 Fy Set. Ch.e W | fe 
of APCA 63 SP | 


14. Mechanical operation of the 
unit and auxiliary equipment was 
generally geod with minor modifica- 
tions in design being suggested by 
the field experience. 
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The scientific program of the Geo- 
physics Research Directorate of the 
Air Force Cambridge Research Cen- 
ter includes studies of the diffusion 
of aerosols and gases in the atmos- 
phere. These investigations are be- 
ing conducted along experimental as 
well as theoretical lines. Some of 
the research work is being done by 
university contractors, some of it by 
in-house personnel. 


In 1954 a team of meteorologists 
of the Massachusetts Institute of 
Technology, working at the Round 
Hill Field Station in South Dart- 
mouth, Massachusetts, began the de- 
velopment of a tracer technique for 
eventual use in field studies of diffu- 
sion."!) The developed technique 
was field-tested in experiments con- 
ducted at Round Hill in late 1954. A 
series of diffusion experiments fol- 
lowed in 1955. 


The purposes of this paper are (1) 
to present a method of analyzing such 
diffusion data and (2) to show the 
results when this method is employed 
in the analysis of the 1955 data. 


Description of Experiment 


The experiments were conducted 
over a fairly flat, grassy area from 
which bushes and scrub growth had 
been removed. Upwind of the ex- 
perimental site the cleared area ex- 
tended to about 500 ft. from the 
source. Upwind of this area came 
the natural scrub growth followed in 
turn by a wooded area. 


The tracer used in the diffusion ex- 
periments was sulfur dioxide gas. In 
each experiment the gas was emitted 
continuously and at a steady rate for 
10 min. The emission rate varied, 


* Presented at the 50th Annual Meeting 
of the Air Pollution Control Association 
held at St. Louis, Mo., June 2-6, 1957. 


® The techngiue which was finally devel- 
oped will be described by Drs. Record 
and Cramer in another paper entitled, 
Preliminary Analysis of Project Prairie 
Grass Diffusion Measurements. 


An Analysis of Diffusion Measurements* 


MORTON L. BARAD 
Geophysics Research Directorate 


Air Force Cambridge Research Center 


Bedford, Massachusetts 


however, from experiment to experi- 
ment, ranging from about 5 g./sec. 
to 10 g./sec. The gas was emitted 
vertically at a height of 1 ft. above 
ground. 


Ten-min. samples of the gas were 
collected on 3 semi-circular arcs hav- 
ing the gas source as center. The arcs 
were 50, 100, and 200 m. from the 
gas source. Impinger bottles were 
attached to posts spaced at 3-degree 
intervals on each of the 3 arcs. The 
sampling height was 2 m. above 
ground. The sampling rate was 1.5 
l./min. 

In addition to the determination 
of average concentration at each of 
the 183 sampler positions, measure- 
ments were made of mean wind speed 
and temperature at 4 heights between 
1.5 and 12 m. above ground. High- 
speed wind fluctuation data were col- 
lected with heated thermocouple-bi- 
vane anemometers at a height of 2 
m., while time series of wind direc- 
tion were obtained with wind vanes 
at the same height. 


Data Analyzed 


The distribution of concentration 
(X) along each arc takes on the char- 
acteristics of a frequency distribution, 
the concentration acting as a frequen- 
cy and the 3-degree interval centered 
on any post acting as the class-inter- 
val of the distribution. Some of 
these distributions are irregular in 
appearance, having more than one 
mode. However, a number of the 
distributions are unimodal and fairly 
symmetrical, the majority of these be- 
ing approximately Gaussian in char- 
acter. In the investigations con- 
ducted to date by the author, only 
those experiments which produced 
nearly Gaussian distributions have. 
been studied in some detail. Such 
distributions were found during both 
lapse and inversion conditions. In 
the present paper, however, the 
analysis is confined to inversion 
cases having nearly Gaussian dis- 
tributions of concentration along the 
arcs. 


For each of the inversion cases, 
Gaussian curves were fitted to each 
of the concentration distributions. 


These curves provide, in each case, 
a peak or maximum concentration 
(Xp) along each arc as well as a 
standard deviation [¢(X)] of the con- 
centration distribution. Since concen- 
tration at any point in the field is as- 
sumed to be proportional to the rate 
of gas emission (Q) and inversely 
proportional to the wind speed (U), 
a type of normalization is provided by 


XU 
instead of X. 
Q 


In addition to 


considering 


ands (X).a 


meterological parameter is employed 
in this analysis. This parameter is 
the standard deviation of the wind di- 
rection 


Analysis of Results 


In this paper the experimental data 
will be used to express the adjusted 
concentration at the 2-m. height in 
terms of polar coordinates (p, 6) 
and o,. In addition, the area within 
an isopleth of concentration will be 


expressed in terms of and a4. 


xX 
Q 

At the outset it may be pertinent 
to discuss the attempt to express these 
quantities in terms of o4, particularly 
since o, is not a quantity which nor- 
mally appears in the theoretical work 
in this field. In an unpublished pa- 
per, Cramer and Record, employing 
the same Round Hill data, have 


XpU and ¢(X) are rath- 
Q 

er strongly related to the standard de- 
viation of the wind direction, o,4. 
However, for small values of o,4, such 
as exist particularly during inversion 
conditions, o, is approximately equal 
to the lateral gustiness component, 


U 


shown that 


Fig. |. Relationship between 


m. and 
oA 


This component, however, does ap- 
pear in the literature, e.g., as a factor 
in the lateral diffusion coefficient ap- 
pearing in Sutton’s work. Therefore, 


the attempt here to express XU 


and the area within an_ isopleth 
in terms of o, is not entirely novel. 
Of the 2 quantities, o, and the lateral 
gustiness component, both of which 
can be computed from data collected 
during the Round Hill experiments, 
o, calls for simpler measurement and 
computation procedures. 

Since the concentration distribu- 
tions along the arcs are nearly Gaus- 
sian in the cases studied, the Gaus- 
sian model, 

XU K (1) 

exp 


20°*(X) 


is employed in this analysis. Here K 


is constant for a given arc and ——— 

#(X) 
is the adjusted peak concentration on 
an arc. 


Relationship between o(X) at 50 m, 
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Fig. 2. Relationship between ° at 100 


m. and 
Fig. 1-3 illustrate the relationship 


X,U 


between and - . The loga- 


A 
rithms of the 2 variables are plotted 
in these figures. Fig. 1 shows the re- 
lationship for the 50 m. arc. The 
line shown is a least-squares line in 
the determination of which the data 
of 3 experiments, shown by open cir- 
cles, are omitted because other evi- 
dence indicates that the axis of the 
plume may have been beneath the 
2-m. height of the samplers. In Fig. 
2, prepared to show the relationship 
for the 100 m. arc, the data from 2 
experiments are omitted, for the same 
reasons, in the determination of the 
line. In Fig. 3, prepared to show the 
relationship for the 200 m. arc, data 
from all 3 experiments were utilized 
in the determination of the line. 


The 3 figures suggest —2— is in- 
versely proportional to a, raised to a 


hoom 


L 1 
4 8 2 


16 
gt") 
Fig. 5. Relationship between o(X) at 100 
m. and aa. 


Fig. 3. Relationship between 


m. and 
oA 


power varying from less than 2 for 
the 50 m. arc to more than 2 for the 
200 m. arc. An average value of 2 
was assumed for the entire 200-m. 
range, it being recognized, at the same 
time, that this assumption is a crude 
one. 

In addition to depending on oa, 
XpU 

7 depends on distance from the 


source (p). From the data shown, 
the dependence was found to be best 
expressed by the relationship, 
348 
Q p 1.44 a4? (2) 


h XpU 
where 
Q 


is in m~?, p is in me- 
ters, and cy, is in degrees. 


Fig. 4-6 illustrate the relationship 
between o (X) and og for the 50, 100, 
and 200 m. arcs. In each figure, the 


4 8 6 


Fig. 6. Relationship between o(X) at 200 
m, and oa. 


JOURNAL 


— |. 
po 
2 th 
gir 
tio 
10 | be 
od o( 
10) 
wl 
{ 
gi 
Sis =10 =90 =70 \ 
7 
U 
200 
| th 
| 
th 
in 
a 
th 
is 
th 
0! 
te 
2 2 
| is 
th 
t 
n 
° ° d 


line shown was drawn from the (0, 0) 
point through the point representing 
the means of the 2 variables. On a 
given arc, 7(X) appears to be propor- 
tional to oa, the proportionality factor 
being a function of distance from the 
source. The relationship was found 
to be 

o(X) = .0626 p**' (3) 
where o(X) and p are in meters and 
ov, is in degrees. 


Substitution of (2) and (3) in (1) 
gives the relationship, 
XU 348 
a p 1.44 
(p60)? 
exp | 0078 p ] (4) 


where p@ is in meters. 


From (4) it is possible to compute 
the area enclosed within an isopleth of 


Ee Explicit integration provides 
the expression 


41.4 1.13 


Ac — 


where Ac is the computed area in m?, 


XU 
0 is the adjusted concentration 


in m~? and gay is in degrees. 


The shape of a typical isopleth of 
adjusted concentration is shown in 
Fig. 7. The particular one shown has 
the value of the adjusted peak con- 
centration on the 200 m. arc. There 
is a similarity between this shape and 
the shape of a leaf of the lemniscate, a 
geometrical figure expressed as, 

p? = cos 20, 
where a is the length of the leaf. Use 
of the more general form, 

= a’ cos (6) 
permits variation of the width of the 
leaf through variation of the parame- 
ter n. 


The modified lemniscate (6) was 
used in this analysis to approximate 
isopleths of adjusted concentration. 
In this study the isopleth sought was 
XpU 

Q 
on the 200 m. arc. In the lemniscate, 
then, a was taken as 200 m. For 
each experiment, however, it was 
necessary to determine n. This was 
done by determining at what value 
of 6 the ordinate of the Gaussian dis- 
tribution on the 100 m. arc was equal 


the one having the value of 


of APCA 


s som 100m 200m 


Fig. 7. Typical isopleth having the value of 


ra) at 200 m. 


XpU 
Q 
a fixed and the intersection of the 
lemniscate and the 100 m. arc deter- 

mined, n was found from (6). 


on the 200 m. are. With 


to 


The modified lemniscate is particu- 
larly useful in computation because 
the area of the leaf, here denoted as 
an observed area (A,). is found to be, 


2 
Ao= 
n 


Since the distributions along the 
arcs were not perfectly symmetrical 
in the experimental data analyzed, 
the area of the left portion of the leaf 
(Fig. 7) was not equal to the area 
of the right portion. Therefore the 
area of the leaf was actually found 


from 
(7) 
a 


where the subscripts refer to the left 
and right portions of the leaf respec- 
tively. 


In Fig. 8, the computed areas found 
from (5) are compared with the ob- 
served areas found from (7). The 
line Ac = Ao is shown. The scatter 
about this line is not large, indicating 
reasonably good agreement between 
the computed and observed areas. 


Ag: 
16 
tae 
7 ° 
i 4 8 12 16 
107m?) 


Fig. 8. 


Comparison of A. and Ao. 


Concluding Remarks 


An empirical method of expressing 
adjusted concentration in terms of 
(p, 6) coordinates and the standard 
deviation of the wind direction has 
been presented. In addition, the area 
within an isopleth of concentration is 
expressed in terms of the same stand- 
ard deviation. Since the formulae 
are based on smoothed relationships 
over a range of 200 m., extrapolation 
to greater distances is not recom- 
mended. 


In applications where the standard 
deviation of wind direction is known, 
the relationships presented here are 
recommended for use until such time 
as advances in theory or additional 
experimental data either modify them 
or render them obsolete. In some 
applications, however, the standard 
deviation may have to be predicted. 
The degree to which this parameter 
can be predicted may then determine 
the utility of the relationships pre- 
sented. The predictability of this 
parameter is the subject of another 
research study under way. 


Since the upwind fetch at Round 
Hill was not uniform and since the 
range was limited to 200 m., it was 
clear even in 1954 that more exten- 
sive field measurements over uniform, 
level terrain would eventually be nec- 
essary. Such a field program was 
finally conducted near O'Neill, Ne- 
braska, in the summer of 1956. The 
program is referred to as Project 
Prairie Grass. 


Organized by the Geophysics Re- 
search Directorate, the program in- 
cluded participation by the Massa- 
chusetts Institute of Technology), 
the Texas A & M Research Founda- 
tion, the University of Wisconsin, the 
Air Weather Service and the Air 
Force Cambridge Research Center. 
It is hoped that the diffusion meas- 
urements and the associated meteoro- 
logical data collected during Project 
Prairie Grass will be published in 
1957 and that their publication will 
fill a void which has long existed in 
the literature of atmospheric diffu- 
sion. 


® A preliminary analysis of the diffusion 


measurements made by the Massachusetts 
Institute of Technology during Project 
Prairie Grass appears in the paper cited 
above. 


The Chemical Engineering aspects 
of Air Pollution Control have not 
been recognized fully until recent 
years. This resulted from the em- 
phasis placed by the designers of con- 
trol apparatus on the elimination of 
smoke and particulate matter from 
gaseous effluent. This emphasis was 
aided further by the enactment of 
legislative standards aimed at regula- 
tion of the more obvious polluting 
effluents, namely, those from combus- 
tion processes. These standards set 
up maximum allowable smoke densi- 
ty and fly ash emissivities. 

The public demand for regulation 
of other air pollutants was not pres- 
ent except in isolated areas, chiefly 
around copper, lead and zinc smel- 
ters. In these areas, sulfur dioxide 
and arsenic fumes caused major 
damage to crops and livestock. Law- 
suits, in which substantial monetary 
damages and even injunctions to 
cease operations were demanded, 
forced companies to investigate and 
install ways and means for the elimi- 
nation of these polluting substances. 

As the chemical and petroleum in- 
dustries grew in size and number, 
people living in the neighborhood of 
such plants would register more fre- 
quent and louder complaints with the 
increasing incidence of obnoxious, 
nauseating, acrid fumes and gases dis- 
charged from these operations. 

News reports of such tragedies as 
Donora, the London smog and pollu- 
tion alerts in Los Angeles would spark 
public and legislative interest into en- 
acting more inclusive ordinances. To- 
day’s modern laws, besides containing 
restrictions as to the amount of par- 
ticulate matter or smoke discharged 
into the air, also prohibit the emis- 
sion of gases, mists or fumes that may 
be toxic, obnoxious or are a nuisance. 

This growing pressure to eliminate 
the discharge of all types of pollutants 
*Presented at the 50th annual meeting of 


the Air Pollution Control Association, held 
at St. Louis, Mo., June 2-6, 1957. 


Chemical Engineering Aspects of 
Air Pollution Control’ 


by 
MARCUS SITTENFIELD 
Marcus Sittenfield & Associates 
Philadelphia, Pa. 


presents a tremendous challenge to 
the Chemical Engineer. 

There are 2 groups in our modern 
civilization that contribute to con- 
tamination of the atmosphere: One 
is industry and the other is the public. 


Industry is conscious of the neces- 
sity for minimizing or eliminating 
the venting of any chemical waste 
from its operations. It does an ex- 
cellent job in recovering economically 
valuable gaseous wastes. However, 
there are areas in which more work 
will have to be done, chiefly those 
that may be termed residual wastes 
and are not economical to recover. 


Manufacturers are finding it nec- 
essary to seek efficient means for 
eliminating the discharge of this type 
of pollutant in order to either reduce 
plant maintenance resulting from cor- 
rosion and wear of equipment or to 
establish good public relations with 
the community in which they work. 


The problems associated with con- 
trolling the emission of pollutants by 
the public are complicated by the fact 
that usually the amounts discharged 
by an individual are small, discon- 
tinuous and dilute. Further, there is 
no incentive to install control equip- 
ment. 

The process design is the first place 
where air pollution control should be 
attacked. The engineer who is well 
acquainted with potential sources of 
atmospheric pollution should be 
brought in on the process design as 
soon as the laboratory turns the re- 
search project over to the pilot plant 
and design groups. In some instances, 
it may be profitable for this engineer 
to work along with the research team. 

I think it would be well to review 
the more common sources of air pol- 
lution directly attributable to chemi- 
cal reactions or chemical manufactur- 
ing operations. First, let us look at 
industrial sources and see what 
chemical engineering design features 
are required to minimize pollution. 


Perhaps one of the more difficult 
types of pollution to control is that 
resulting from general ventilation of 
plant areas and equipment, Plant 
area pollution results from careless 
housekeeping; poor maintenance of 
motive equipment, chiefly stuffing 
boxes and seals on pumps and agi- 
tators; improper ventilation of atmos. 
pheric reaction vessels and the vent- 
ing of storage tanks. 

In controlling pollution derived 
from poor housekeeping and mainte- 
nance of equipment, the means are 
quite obvious, namely prevention. 


The design of reaction vessels must 
take into consideration either or both 
of 2 factors, to be specific, the case 
where a gas is evolved from a reac- 
tion and second where no gas is 
formed, but the reactants have a suf- 
ficiently high vapor pressure that they 
volatilize readily. 


If tanks are operated at atmospher- 
ic pressure, the air moving equipment 
must be designed to accommodate the 
maximum rate of gas emission plus 
an amount of outside air sufficient to 
maintain a negative pressure up to 1 
in. water when the maximum amount 
of gas is being evolved. This will be 
equivalent to indraft velocities, under 
these conditions, across all vessel 
openings of between 100 to 200 ft./ 
min. 

When reaction vessels are charged 
with dusty powders or liquids of high 
volatility, the amount of air required 
to prevent vapors or dusts seeping 
into the plant must be such that a 
minimum indraft velocity of 75 ft./ 
min. is obtained across all openings. 
Where reactions occur at superatmos- 
pheric pressure, the relief valve and 
control system must be sized to ac- 
commodate the maximum rate of gas 
evolution. The vent lines from these 
vessels should be connected to ap- 
propriate scrubbing, absorption or 
adsorption equipment that will re- 
move any polluting material. 
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Another major source of organics 
in the atmosphere is storage tanks. 
The amount of solvent loss through 
storage tank breathing and the alter- 
nate filling and emptying of tanks can 
be appreciable. It has been reported 
that the oil industry loses between 6 
and 12 million barrels of crude oil 
each year by evaporation. 

Distillation units can be an impor- 
tant source of air contamination. The 
main point of discharge is the con- 
denser. The efficiency of condensa- 
tion will determine the amount of pol- 
luting material vented. The concen- 
tration and total quantity can be cal- 
culated knowing vapor pressures, 
terminal temperature of the cooled 
vapors and column throughput. 

In designing condensers, considera- 
tion must be given to the fact that 
small amounts of non-condensable 
vases, such as air, have a marked ef- 
fect on coefficients of condensation. 
In addition to the thermodynamic de- 
sign of the condensing unit, a good 
mechanical design of the system to 
prevent mist formation and carry 
over of mist or droplets with the non- 
condensable stream is a necessity. 

When a distillation unit is operated 
at atmospheric pressure, a well de- 
signed vent condenser using chilled 
water or a refrigerant would be in- 
valuable in reducing the emission of 
the volatile overhead product. If the 
material boils over 125°C., a con- 
denser, if properly designed, may be 
sufficient to condense 99% or better 
of the overhead vapors. 

In some few cases where the over- 
head substance has a_ penetrating 
odor at very small concentrations 
(measured in ppm.), it may be nec- 
essary to install scrubbers or adsorb- 
ers in the vent. 


The air contamination problems 
associated with vacuum tower opera- 
tion stem directly from the discharge 
of the vacuum pump or vacuum 
steam jet to the atmosphere. 


Air leakage into a vacuum system 
becomes important in determining the 
amount of air pollution that may re- 
sult. As the air leakage increases, 
the dew point of the vapor becomes 
lower, consequently the cooling liq- 
uid’s temperature must be reduced 
correspondingly if the last traces of 
vapor are to be removed. 

Another place to look for sources 
of air pollution. is the hot well vapors 
or the exhaust from the final stage 
steam jet. The hot well should be en- 
closed and vented through a condens- 
er and it would be desirable also to 


condense the exhaust from the steam 
jet and pass the non-condensables 
through a scrubber or adsorber. 


Up to this point, we have discussed 
only vapor or gaseous pollutant 
sources from processing equipment. 
In some portions of the chemical in- 
dustry, mixing, grinding and drying 
operations are performed in which 
solid particles may be carried by an 
air stream into the surrounding at- 
mosphere. The project engineer must 
be on the lookout for these sources, 
as dusts, mists and fumes can be high- 
ly irritating. A knowledge of the 
solubility, wetability and particle size 
distribution is most important in se- 
lecting the optimum type of control 
apparatus. In some cases, the ex- 
haust gases are at an elevated temper- 
ature and normal filter materials will 
not stand up. In such instances gas 
cooling will be required. 


The classes of apparatus most often 
used for the solution of dust problems 
comprise filters, scrubbers, impinge- 
ment and inertial separators, and elec- 
trostatic precipitators. 


The next important phase of air 
pollution control is the process to be 
used for its conrol, Once the sources 
of pollution have been recognized and 
every effort has been taken to prevent 
the escape of pollutants into the gen- 
eral atmosphere, the engineer must 
then look for and design equipment 
to remove these substances from the 
vent stream. These have been indi- 
cated as including adsorption, extrac- 
tion, absorption and _ incineration. 
Chemical engineering plays an impor- 
tant role in the design and selection 
of the appropriate control method. 


One of the tools available to the 
Chemical Engineer in combating air 
pollution is that of Absorption. Close- 
ly akin are Scrubbing and Extraction. 
The basic data needed to design equip- 
ment in this group are mass transfer 
rates between the absorbing liquid 
and the absorbed vapor, diffusion in 
the gas and liquid phases and area 
of contact between liquid and gas. 
Contact between liquid and gas may 
be accomplished by the use of im- 
pingement sprays, jet scrubbers, bub- 
ble plate, sieve plate and packed 
towers. 

Because it is important in the de- 
sign of air pollution control equip- 
ment to minimize pressure drop, the 
equipment used most often fall into 
the impingement spray, jet scrubber 
and packed tower group. 


To design these units, such funda- 


mental information as equilibrium re- 
lations, diffusivity constants and the 
function correlating mass transfer 
rates with height of transfer units 
must be available. In many instances, 
these functions may be calculated 
from existing data or from experi- 
mentally determined correlations. 


One of the main problems facing 
the designer is that the concentration 
of gases usually found in air pollu- 
tion work is quite small, often under 
10 mol. %. Consequently, in order 
to minimize equipment size, the ab- 
sorbent having the greatest solubility 
of the gas should be used. In some 
instances, however, it is cheaper to 
use water as the absorbent, even 
though solubility of the gas is low, 
since the resulting effluent may be 
thrown away. The engineer is cau- 
tioned that by so doing, he may be 
solving one type of pollution problem 
by creating another one—stream pol- 
lution. 

The chemical reactivity of the pol- 
lutant is most important. In one case, 
an organic chemical possessing a very 
unpleasant odor was thought to be 
acidic in nature. Dilute caustic soda 
was selected as the absorbent without 
effect. After much investigation, it 
was found that the chemical gave a 
basic reaction, The problem was 
solved by using a waste sulfuric acid 
stream to absorb the gas and elimi- 
nate the discharge of odor. A caustic 
soda tower followed the acid scrubber 
to eliminate the venting of any acid 
mist. 

When solvents are used, means 
must be provided for stripping the 
absorbed gases from them, otherwise 
the cost of operations becomes exces- 
sive. A typical example of this is the 
recovery of hydrogen sulfide, using 
diethanolamine solutions as the sol- 
vent. 

In general, there is a sufficient 
amount of equilibrium data available 
for the solubility of many of the com- 
mon gases in water. A number of 
absorption studies have been made 
for other systems where the gas 
streams are pure or fairly concen- 
trated. But, there has been little 
quantitative data published for the 
absorption of gases and vapors from 
dilute streams. More work along 
this line should be undertaken. These 
data will prove helpful to the engi- 
neer by permitting a more economi- 
cal design of equipment. In addi- 
tion, more meaningful concentration 
limits can be set up in the various 
codes that could be obtained without 
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excessive capital and operating costs 
being required. 

The diffusivity of gases through 
gas and liquid films often may be 
calculated from known information 
on other systems or by the use of ac- 
cepted. correlations such as Gilliland’s 
empirical equation. 

Scrubbers, particularly the spray 
or jet type, are used frequently for 
fume and mist control. The engi- 
neering design principles for this op- 
eration are based on impingement, 
coalescence of micron sized particles, 
direct condensation or wetting of the 
mist or fume particles by the liquid. 
Direct condensation methods are very 
effective when high boiling vapors of 
fatty acids, tar acids, etc. must be re- 
moved from vent streams. 

We find that there are little pub- 
lished design data available to the en- 
gineer that are suitable for calculating 
the efficiency of scrubbers of the spray 
or jet type. Such facts as the rela- 
tionship between spray volume and 
transfer units; the effect of surface 
tension, as it relates to the wettability 
of fumes and mass transfer rates are 
still far from being in a state where a 
predictable design can be made. 


A knowledge of particle wetta- 
bility is extremely important in deter- 
mining how effectively a unit will re- 
move a fume or foglike mist from a 
gas stream. At present, high energy 
impingement scrubbers or electro- 
static precipitators are used for this 
operation. Power costs and large 
scrubbing liquid requirements pre- 
sent problems that in some instances 
make control of air pollutants by 
these means very unattractive. 

When the concentration of pollu- 
tant in the vent gases approaches a 
value of 2 vol. % or less, a most at- 
tractive means for removing almost 
100% of the contaminant is by Ad- 
sorption. Even when concentrations 
are measured in ppm., properly de- 
signed adsorption apparatus will re- 
move substantially all of the contami- 
nant. One of the major uses of ad- 
sorption is the recovery of solvent 
vapors using such adsorbents as acti- 
vated charcoal, activated alumina or 
silica gel. 

Basically, adsorption processes 
work by causing condensation of the 
vapors at a temperature higher than 
that indicated by their concentration. 
In this operation, latent heat is re- 
leased. Since the efficiency of adsorp- 
tion decreases with increasing temper- 
ature, it is important to install meth- 
ods for removal of the latent heat. 
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Reactivation or desorption of the 
.adsorbent is usually accomplished by 
heating the adsorbent and subsequent- 
ly condensing the desorbed vapors in 
a surface condenser. The recovered 
condensate, in most instances, must 
be purified further, usually by dis- 
tillation. 


The affinity of an adsorbent is not 
the same for all substances. As a re- 
sult, the vapor having the greater in- 
tensity of adsorption will displace 
other vapors of lesser intensity that 
may have been adsorbed previously. 
This phenomenon is the basis of hy- 
persorption separation processes used 
in the petroleum industry. 


As the design of all air pollution 
control equipment requires that low 
pressure drops be designed into the 
unit, the gas velocity through a deep 
bed of granular adsorbent is low of 
the order of 20 to 120 ft./min. As 
an alternate to deep beds, higher gas 
velocities may be used if a parallel 
flow system is designed using shallow 
beds. 

The rate of adsorption, or its re- 
ciprocal the contact time, is a func- 
tion not too well known to engineers. 
Up to the present, there are few cor- 
relations that will permit the calcula- 
tion of this factor based on such 
physical characteristics as pore size, 
pore area, activity as related to molec- 
ular structure, etc. As a result of 
the dearth of this type of design in- 
formation, each new problem must be 
submitted to the laboratory for tests. 


As the requirements for air pollu- 
tion control become more stringent, 
adsorption processes for the removal 
of low concentrations of air contami- 
nants may increase, chiefly because 
of their high efficiency of recovery 
and simplicity of operation. 

Another method for disposing of 
organic materials is by combustion. 
Nearly pure combustible streams, 
such as occur in petroleum refining 
operations, may be burned in a flare 
or used as a fuel. As the concentra- 
tion decreases, we find that a point is 
reached where the vent gases are too 
dilute to burn. In this case, an in- 
cinerator type of furnace must be de- 
signed. 


The main requirement in the suc- 
cessful combustion of air contami- 
nants is to heat the flammable com- 
pound above the temperature of com- 
bustion. In most instances, the gases 
must be heated to a uniform tempera- 
ture in the range of 1200 to 1400°F. 


Passing very dilute gases through 


the zone of combustion, as in the case 
where they are used as secondary air, 
will not necessarily insure that all 
molecules have reached the combus- 
tion temperature and consequently 
been destroyed. The proper design 
of combustion chambers, to provide 
both radiation surface and sufficient 
residence time in contact with the ra- 
diant surface, will increase the proba- 
bility of complete oxidation. 

One answer to the requirements of 
high flame temperature and uniform 
heating of the flammable molecules is 
Catalysis. The use of catalysts for re- 
ducing the activation temperature of 
chemical reactions is well known. 
Combustion processes are just as sus- 
ceptible to catalytic activation as are 
other reactions. As an example, 
platinum catalysts will cause combus- 
tion at temperatures as low as 500°F. 


In order to have a self-sustaining 
flame, the minimum concentration of 
gas in air must be equal to the lower 
limit of flammability. This concen- 
tration varies from 1 to 10 vol. %. 
depending on the substance. A dis- 
tinct advantage to catalytic oxidation 
is that a self-sustaining reaction will 
result even when the combustible ma- 
terial concentration is down to one 
quarter of the lower limit. When 
concentrations fall below this point. 
it is not difficult to provide sufficient 
heat to raise the gas temperature to 
the 500 to 550°F. range required for 
operation of these catalytic units. 
Further, it is reasonable to assume. 
that since catalytic reactions are de- 
pendent on molecular adsorption on 
a surface, if the contact time is suffi- 
ciently long all the flammable mole- 
cules will be oxidized. 


A disadvantage to the platinum 
type catalyst is its susceptibility to 
poisoning by contact with heavy met- 
als (lead, zinc, arsenic), the halogens 
and silicones. The selection and in- 
vention of stable oxidation catalysts 
that are immune to poisoning is a 
challenging problem to the designers 
of catalytic combustion equipment. 

Most air pollution is derived from 
combustion processes, whether it be 
on the large scale of a public utility 
generating station or that discharged 
from the individual automobile, truck 
or bus. And aside from smoke and 
fly ash, the largest single pollutant is 
sulfur dioxide. 

There are 2 ways to attack the 
problem of sulfur dioxide; one is to 
eliminate the sulfur in the fuel by 
extraction or chemical reaction and 
the other is to remove the sulfur di- 
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oxide from the combustion gases by 
scrubbing. 

In the case of solid fuels, it is al- 
most impossible to remove sulfur and 
similar potential air pollutants prior 
to use. Hence, the only effective 
means of control is to scrub the flue 
gases. A good deal of work has been 
done in this country, by the TVA and 
the U. S. Bureau of Mines, as well as 
in England to devise economical sys- 
tems for stripping the sulfur dioxide 
from flue gases. These methods have 
included in the main, scrubbing with 
sodium and ammonium sulfite solu- 
tions forming the bisulfite and subse- 
quent stripping by heat. Sulfuric 
acid may be made by oxidation using 
ozone or the normal catalytic proc- 
esses. Sulfur dioxide can be recov- 
ered economically as sulfuric acid 
from gas concentrations as low as 
5%. Below that, the large volumes 
of gases that must be handled make 
the usual recovery processes economi- 
cally unattractive. 

The problem is somewhat simpler 
when liquid fuels are used. The pe- 
troleum industry is installing new 
methods, such as_hydrodsulfuriza- 
tion for removing mercaptan sulfur 
from fuel oil and residual fractions. 
The sulfur is recovered as hydrogen 
sulfide which is then converted into 
sulfur. 

Burning of liquid fuels in internal 


combustion engines poses another 
problem resulting from the incom- 
plete oxidation of the hydrocarbons. 
Part of this may be solved by rede- 
sign of the engines themselves, im- 
provement of carburetion, and 
changes in method of fuel injection. 
Another method that is being pro- 
moted is the use of catalytic combus- 
tion units. The chemical engineering 
problems met in the development of 
these units are substantially the same 
as those enumerated in our discussion 
of catalytic incineration. The prob- 
lems of mechanical stability of the 
catalyst and susceptibility to lead 
poisoning are great and must be 
solved so that the overall cost of the 
unit will be small and maintenance 
will not be noticed by the average 
automobile owner. 


There is one other point in which 
chemical engineering functions that 
has not as yet been mentioned, namely 
instrumentation. Without proper in- 
strumentation, the accurate measure- 
ment and control of pollutants is not 
possible. Various methods for con- 
tinuously recording gas concentra- 
tions include gas spectroscopy, ad- 
sorption, conductance, infra-red spec- 
trophotometry and chemical reac- 
tions. In many instances, the method 
used for instrument analysis results 
in the formation or measurement of 
an electric current. 


For example, the Titrilog ty pe 
measures an oxidation-reduction po- 
tential, It is used for such gases as 
sulfur dioxide, hydrogen sulfide. mer- 
captans, etc. A conductivity cell in- 
strument may be used for any ioniz- 
able water soluble gas. Hot wire re- 
sistance is used to measure flammable 
gases. In all these units means must 
be used to remove all interferring 
gases. These methods may be chem- 
ical or physical. 

The analytical methods for meas- 
urement of polluting gases are in 
their infancy and offer a great op- 
portunity for future development. 

In this review, only the highlights 
of the place chemical engineering 
holds in the field of air pollution con- 
trol and measurement have been 
touched on. There is much work still 
to be done, particularly in the re- 
moval of low concentration contamin- 
ants cheaply. The engineer must con- 
sider in his process design the most 
likely sources of air contamination 
and make provision at this time for 
its control. The cost of equipment 
and of process operation is of prime 
concern to the engineer who has the 
responsibility for the elimination of 
not only industrial air pollution, but 
also that arising from the daily ac- 
tivity of all. 


See Franklin Institute at the 5lst... 
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The Air Pollution Disaster— 


Prevention Program of Los Angeles County* 


. ROBERT L. CHASS, MICHAEL PRATCH and ARTHUR A. ATKISSON 
Los Angeles County Air Pollution Control District 


During the past decade there has 
been a growing public awareness of 
air pollution in most densely popu- 
lated urban areas of the nation. The 
occurrence of air pollution attacks of 
disaster proportions in London, Eng- 
land; Donora, Pennsylvania; Meuse 
Valley, Belgium; Poza Rica, Mexico; 
and other places has brought into 
public focus the potential danger of 
this newest problem in urban growth. 

As in other areas throughout the 
nation, the air pollution control pro- 
gram of Los Angeles County has been 
aimed primarily at the elimination of 
the public nuisance problems gener- 
ated by smog, such as eye irritation, 
damage to vegetation, and reduced 
visibility. Based on inauguration of 
proper control measures for each sig- 
nificant source of pollution contribut- 
ing to these nuisance problems, the 
program is guided by the assumption 
that the full control of these sources 
will lead to acceptable reductions in 
the over-all problem and thereby 
render all but impossible the occur- 
rence of a public health disaster. 

Despite the marked gains scored 
by rigid control efforts, the tremen- 
dous growth of Los Angeles County 
and the complexity of the air pollu- 
tion problem result in continued in- 
tense and prolonged attacks of smog 
during the summer season. These 
have become the normal course of 
events for more than ten years, and 
have given birth to public concern 
over the possible occurrence of seri- 
ous health disturbances during these 
periods. 

Particularly severe attacks of smog 
during the fall months of 1953 and 
1954 resulted in widespread concern 
among the general public, lay groups, 
and medical associations that Los 
Angeles might be on the brink of a 
London-type disaster. Although later 
evidence has failed to substantiate 


* Presented at the 50th Annual Meeting 
of the Air Pollution Control Association, 
held at St. Louis, Mo., June 2-6, 1957. 
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Los Angeles County, California 


this view, the concern was great 

enough that the 1954 Grand Jury 

urged the establishment of an official 
and formalized disaster-prevention 
program by the County Air Pollution 

Control District. 

To our knowledge, the program 
which has developed out of these rec- 
ommendations is the first to be 
promulgated in any urban area of the 
United States. 

Development of the Program 

The complete development of the 
program can be represented histori- 
cally in three phases: 

(1) The initial planning phase was 
one in which advisory com- 
mittees played the most promi- 
nent role. Having accepted 
in principal the need for some 
type of emergency program to 
be enacted in the event of a 
disaster, the governing board 
of the APCD (the Los Angeles 
County Board of Supervisors) 
appointed a citizens commit- 
tee in the Fall of 1954 to out- 
line general recommendations 
for such a program. In the 
same month, a separate 12- 
member medical and _ scien- 
tific committee was appointed 
to establish the contaminant 
concentration standards which 
would govern the program. 
After several months of study 
and deliberation, these com- 
mittees produced a _ recom- 
mended program which was 
enacted into law on June 21, 
1955, as Regulation VII of 
the Air Pollution Control Dis- 
trict’s Rules and Regulations. 

(2) The second phase in the de- 
velopment of the program was 
one in which the principal ob- 
jective was the inauguration 
of a full-scale disaster preven- 
tion program as required and 
outlined by Regulation VII. 
This phase is represented by 
the initial administrative ef- 
forts of the District to imple- 
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ment the requirements of the 
newly-enacted regulation. 

(3) The third and present phase 
in the history of this program 
is one involving operational 
problems and the refinement 
and improvement of the origi- 
nal program to better meet its 
basic objectives in the most 
effective and efficient manner, 
with the least possible expen- 
diture of scientific talent and 
tax dollars. 

From its beginning, the disaster- 
prevention program has had these ob- 
jectives: 

(1) To identify the specific con- 
taminants present in smog 
which are capable of inducing 
health disturbances. 

(2) To establish concentration 
standards for these contami- 
nants which provide a safe 
margin in the event of ad- 
verse meteorological condi- 
tions which would tend to 
concentrate their dosage in 
the Los Angeles Basin and to 
prevent their rapid dispersion 
and evacuation from popu- 
lated areas. 

(3) To establish means of measur- 
ing continuously the presence 
of these critical contaminants 
in the Los Angeles atmos- 
phere. 

(4) To establish emergency meth- 
ods which may be imple- 
mented in the event measured 
concentrations approach the 
standards established as po- 
tentially harmful to the pub- 
lic. 

The opening preamble of the 
regulation as enacted in June 
1955 stated that this emergency 
regulation is designed to prevent 
the excessive build-up of air con- 
taminants and to avoid any pos- 
sibility of a catastrophe caused 
by toxic concentrations of air 
contaminants. Past history indi- 
cates that the possibility of such 
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a catastrophe is extremely re- TABLE | 
mote. The Air Pollution Control Alert Stages For Toxic Air Contaminants 
Board deems it desirable to have {in ppm.) 
ready an adequate plan to pre- Ist Alert 
vent such an occurrence, and in a 100 

case of the happening of this un- Nitrogen oxides 3 
foreseen event, to provide for Sulfur oxides 3 


2nd Alert 


200 
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adequate actions to protect the 

health of the citizens in the Air 

Pollution Control District. 

The regulation spelled out several 
requirements which were to be a re- 
sponsibility of the Air Pollution Con- 
trol Officer. In summary, these re- 
quirements were: 

(1) That an air sampling network 

be established, consisting of 
14 permanently located sta- 
tions which would monitor the 
atmosphere continuously for 
4 specific contaminants — 
ozone, sulfur oxides, nitrogen 
oxides, and carbon monoxide. 
That the Control Officer de- 
velop detailed plans calling for 
the shutdown of significant 
air pollution sources in the 
event alert stages were reached 
for any 1 of the 4 contami- 
nants enumerated in the rule. 
As enacted, the regulation es- 
tablished 3 alert levels for 
each of the contaminants. 

The first alert level for each 
contaminant represented a 
safe level, but one approach- 
ing the point where preventive 
action would be required. This 
alert level was established pri- 
marily as a warning level. 

The second alert level for 
each contaminant was de- 
scribed as one in which a 
health menace exists in a pre- 
liminary stage. The third alert 
level was judged to be one in 
which a dangerous health 
menace exists. 

Reflecting the best thinking 

_of the medical and scientific 
members of the original ad- 
visory committee, the alert 
levels established for each 
contaminant are set forth in 
Table I. 

Succeedingly more stringent 
controls were specified for 
each alert level: 

During the first alert level 
the regulation prohibited 
all refuse burning within 
the limits of the Los An- 
geles Basin and required 
the Control Officer to se- 
cure the voluntary coopera- 
tion of the public in limit- 
ing use of all privately- 
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owned vehicles. 

During the second alert 

level the Control Officer 
would ask industrial estab- 
lishments to implement vol- 
untary shutdown plans and, 
in the event the implemen- 
tation of these plans failed 
to halt rising concentrations 
of contaminants, the Con- 
trol Officer was authorized, 
with the advice of a special 
emergency action commit- 
tee and with the approval of 
the Air Pollution Control 
Board, to inaugurate such 
compulsory curtailment ac- 
tivities as he may deem nec- 
essary. 
During the third alert level 
the Air Pollution Control 
Board would request the 
Governor to declare a state 
of emergency and would be 
authorized to take more vig- 
orous police action as set 
forth in the California Dis- 
aster Act. 

Notable in the original reg- 
ulation was the emphasis on 
voluntary cooperation. The 
public was to limit voluntari- 
ly the use of privately-owned 
vehicles, and industry volun- 
tarily was to develop shutdown 
plans for their plants. The 
plans would be activated in 
the event of a second alert. 
The Control Officer was given 
the task of prescribing the 
precise form the shutdown 
plans would assume and the 
enormous task of making in- 
dustry fully aware of the regu- 
lation in an effort to stimulate 
the production of the plans. 

At the time the regulation 
was enacted, Board members 
publicly stated that, in the 
event industry failed to  as- 
sume its responsibilities for 
the voluntary provisions of the 
law, the production of shut- 
down, plans would later be 
made a compulsory provision 
of the regulation. 

The Control Officer was given 
the further responsibility for 


declaring the existence of an 
alert to the public. In the 
words of the original regula- 
tion, the Air Pollution Con- 
trol Officer shall declare the 
appropriate alert whenever the 
concentration of any air con- 
taminant has been verified to 
have reached the standards set 
forth... 

. .. The Air Pollution Con- 
trol Officer shall immediately 
communicate the declaration 
of the alert io the Los Ange- 
les County Sheriff's office and 
that office shall broadcast the 
declaration of an alert by the 
Sheriff's teletype and radio 
system to the Sheriff's sub- 
stations and the city police de- 
partments. The Sheriff's main 
office and substations shall 
take whatever steps are neces- 
sary to make known the dec- 
laration of the alert to recog- 
nized mass media of communi- 
cation. Thereafter all persons 
in the APCD shall be pre- 
sumed to have notice of the 
declaration of the alert. 

During the first alert level, 
the Control Officer was fur- 
ther directed to make use of 
all appropriate mass media of 
communication in the interest 
of requesting the public to 
stop all non-essential use of 
vehicles in the Basin and to 
operate all privately-owned ve- 
hicles on a pool basis, and... 
request all employers to acti- 
vate employees’ car pools. 

Perhaps the most difficult 
communication job assigned 
to the Control Officer was that 
of communicating knowledge 
of alerts to industrial estab- 
lishments so that shutdown 
plans might be activated. 

A full-scale public information 
and education program also 
was required by the program. 
Again, in the words of the 
regulation, the Air Pollution 
Control Officer shall inform 
the public of ways in which 
air pollution can be reduced 
and shall request voluntary 
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cooperation from all persons 
in all activities which con- 
tribute to air pollution, Civic 
groups shall be encouraged to 
undertake campaigns of edu- 
cation and voluntary air pol- 
lution reduction in their re- 
spective communities. Public 
officials shall be urged to take 
promptly such steps as may be 
helpful to reduce air contami- 
nation to a minimum within 
the areas of their authority. 
Employers shall be requested 
to establish car pools which 
can be activated promptly if 
necessary. Users of automo- 
tive vehicles shall be urged to 
keep motors in good condi- 
tion and to plan routes and 
schedules which will contrib- 
ute minimum contamination 
to critical areas of pollution. 

The regulation further stat- 

ed that all industrial, commer- 
cial and business establish- 
ments which emit hydrocar- 
bons or ... (the air contami- 
nants selected as triggers for 
the declaration of alerts) 
should critically study their 
operations from the stand- 
point of air contamination and 
should take appropriate action 
voluntarily to reduce air pol- 
lution. 
The final responsibility as- 
signed to the Control Officer 
involves the continuing revi- 
sion, adjustment, and im- 
provement of the disaster-pre- 
vention program. To assist 
the Control Officer in this re- 
spect, a 15-member scientific 
committee was activated under 
the regulation. 

Composed of medical and 
air pollution experts, this 
committee was entrusted with 
responsibility for studying and 
recommending to the Control 
Officer the most suitable meth- 
ods for measurement of air 
pollutants and for recommend- 
ing any changes in the alert 
standards. 

The regulation established 
the committee as a permanent 
and continuing group, and 
stated that the scientific com- 
mittee shall serve in a consult- 
ant advisory capacity to the 
Control Officer concerning any 
air pollution health problem 
which may arise. The scien- 
tific committee shall also ad- 
vise the Air Pollution Control 
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Board on any recommended 
changes in this emergency 
regulation which will provide 
greater protection of the 
health and welfare of all per- 
sons within the Air Pollution 
Control District. 

In summary, the initial disaster- 
prevention regulation created a for- 
mal organization in which the Con- 
trol Officer would serve as Chief Ex- 
ecutive and in which he would be as- 
sisted by 2 official committees: 

(1) A scientific committee which 

would be concerned with a 
continuing study of the emer- 
gency program and with the 
development of recommenda- 
tions for revisions in the alert 
standards. 
An emergency action commit- 
tee which would advise the 
Control Officer and the Con- 
trol Board as to specific steps 
which should be taken in the 
event a second alert level were 
reached — a level described 
as one in which a preliminary 
health hazard exists. 

An enormous task confronted the 
District: The establishment of a 14- 
station air monitoring program, the 
solicitation of voluntary shutdown 
plans from private industrial estab- 
lishments, the establishment of mass 
communication procedures, the de- 
velopment of a master compulsory 
shutdown plan susceptible of imple- 
mentation during the final steps of a 
second alert, and the sponsorship of 
an information program designed to 
acquaint the public with ways in 
which they could limit the output of 
pollutants during any alert level. 


The Air Monitoring Program 


The key element in the entire pro- 
gram, without which there could be 
no effective community disaster-pre- 
vention measures, is the air monitor- 
ing program. This has also proven 
to be the most expensive and time- 
consuming element in the entire pro- 
gram. 

Based on studies performed by 
medical and scientific members of 
the advisory committees, the regula- 
tion required the construction of a 14- 
station air monitoring network with 
each station providing almost contin- 
uous measurements of sulfur dioxide, 
nitrogen oxides, carbon monoxide, 
and ozone. Selection of the con- 
taminants to be used as indices for 
the declaration of alerts, and the 
designation of concentration values 
necessary for individual contaminants 


to trigger alerts, is specified by the 
regulation to be a responsibility of 
the Scientific Committee). Moni- 
toring methods are developed by the 
District staff with the advice, coun- 
sel, and approval of the Scientific 
Committee. 

No pretense is made that the alert 
standards, the monitoring system or 
methods inaugurated by Regulation 
VII are concerned with the measure- 
ment of smog, per se. The eye-smart- 
ing, plant-damaging and visibility-re- 
ducing phenomenon called smog in 
Los Angeles has not yet been demon- 
strated to be a hazard to public health. 
according to the California State De- 
partment of Public Health‘), nor is 
there yet a single, immediate, and ob- 
jective method by which its intensity 
may be determined. 

The single criterion upon which the 
program is based is the capacity of 
individual contaminants to cause 
health disturbances. The program is 
not and, under the law, apparently 
cannot be, established to protect the 
public’s comfort or discomfort. The 
unusual powers afforded the District 
by Regulation VII virtually could 
halt the entire economy of Los An- 
geles County during second and third 
alert levels. In view of this potential 
power to deprive the use of private 
property, the common law and con- 
stitutional safeguards dictate that the 
program must be based solely on fac- 
tors affecting the public’s health and 
safety. 

In view of this consideration, the 
Scientific Committee selected the 4 
alert contaminants on the basis of 
their individual toxicity. Each is 
found in comparatively heavy concen- 
trations in the Los Angeles atmos- 
phere, and each is known to be toxic 
at certain concentration levels. 

In view of the potential importance 
of the program to the community, 
alert standards were recommended by 
the Scientific Committee which recog- 
nized a comfortable margin of safety 
between known levels of toxicity and 
those established as standards for the 
declaration of alerts. The enactment 
of these recommendations into law 
has resulted in the declaration of 25 
first alerts based on ozone readings. 
15 of which occurred during 1955 
and 10 during 1956. No second or 
third alert values have been reached, 
nor have any first alert values been 
reached for any contaminant other 
than ozone. (Table II) 

Although the regulation prescribed 
the construction of a 14-station air 
monitoring network, upon its enact- 
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TABLE II 


Resume of Alert Data— Alerts Called Under Regulation VII 
(July 1955 -May 1957) 


Station No. 
& Location 


Ozone 
Readings 
(peak 
value) 


Time of 
Peak Value 


| Time Above 
Alert Level 


1 Downtown 
4 Pasadena 
15 Vernon 

4 Pasadena 
4 Pasadena 
15 Vernon 
15 Vernon 
15 Vernon 
15 Vernon 

1 Downtown 
15 Vernon 

1 Downtown 
1 Downtown 
15 Vernon 

4 Pasadena 
4 Pasadena 
1 Downtown 


15 Vernon 

1 Downtown 
15 Vernon 

15 Vernon 

2 West L.A. 
4 Pasadena 
15 Vernon 
15 Vernon 

1 Downtown 
5 Rivera 

6 Basset 

6 Basset 

7 Azusa 

9 Burbank 
7 Azusa 

9 Burbank 
1 Downtown 
1 Downtown 
15 Vernon 
15 Vernon 


1 Downtown 
15 Vernon 


11:30 - 11:41 
12:00 - 12:10 
11:05 
1:16 
11:30 
12:07 - 12:17 
2:18 
11:15 
10:44 
11:18 - 11:37 
11:46 - 12:16 
10:52 & 11:12 


9 

11:25 

10:50 - 11:06 
11:50 - 12:19 


10:10 
10:36 - 10:39 


0 hr. 11 min. 
0 


53 
2 36 


First 
First 
First 
First 
First 


First 


First 


First 
First 


First 


First 


Duration 
of Alert 


not called 


O hr. 35 


see 


8 
ot called 


6 
ot called 
9 


40, 
48 


20 
51 
19 


44 
35 


not called 
not called 
25 


ment there remained the task of se- 
lecting the specific sites for the sta- 
tions, and of determining the monitor- 


ing methods which could, with the 


be employed in the system. 
AIR SAMPLING STATION REPORTING NETWORK 
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Fig. |. (above) Map of air monitoring network. 


Fig. 2 (right) Map of APCD weather station network. 


Based on data from 76 meteorolog- 
approval of the Scientific Committee, ical stations, wind flow patterns 
throughout the Basin were analyzed 


Vol. 8, No. 1 


Alert 
: 
7-18-55 0.53 ppm. 
8- 1-55 | | 57 First nin. 
8-26-55 | 64 41 First 19. 
8-27-55 | | 58 57 First | 35 
8-29-55 60 2 | irst 
8-30-55 | 32 | 10 First 
9. 1- | | 
9-655 | 56 | 2 0 First 
1 9-12-55 50 | 3 | 
9-14-55 64 | 37 | First 
9-20-55 | 54 11:46 - 12:06 32 First 
| 50 11:43 3 
9-30-55 65 12:28 26 irst 
10-155 | 63 12:05 17 | First | | 
10-755 | 0.55 10:27 - 10:31 1 0 First 
| & 11:27 | 
10-29-55 | 63 2:38 1 20 | First 
11-355 | 53 11:28 3 First 
57 12:17 l 7 | | 
4-55 51 11:42 - 11:46 4 — | 
1l- 6-55 0.50 11:18 3 — | 
11-28-55 52 12:28 - 12:32 4 
6-11-56 70 10:23 1 58 2 27 
6-12-56 70 45 
7- 6-56 60 25 
8-22-56 60 31 2 32 
60 39 
8-23-56 60 12:51, 1 33 — 2 33 
0.60 2:29 44 
| 50 1:42 - 2:29 27 
i 9-18-56 50 12:30 - 12:43 13 — 0 52 
Z | 50 12:24 - 12:31 7 
9-24-56 | 50 10:51 - 11:11 20 35 
9-26-56 55 9:30-10:35 | 1 48 2 53 
1 50 10:43 - 10:51 8 
a 9-27-56 55 11:29 - 11:39 1 9 — 1 15 
d & 11:54 
9-28-56 55 ’ 
‘ 
4, 
yf 
is 
l- 
5 Als. lar | g Cy ‘ 
of APCA 75 


Fig. 3. A Thomas Autometer, an automatic 
instrument included in each sampling station 
for the mandatory measurement of sulfur 
dioxide. 


to determine those locations at which 
contaminant concentrations would be 
most representative of general con- 
ditions throughout the Basin. When 
completed, these studies indicated a 
need for site locations radiating out- 
ward from the center of Los Angeles. 
with at least one station in each 
major geographic area of the County. 
(Fig. 1 and 2). 

Since only 3 sampling stations were 
in operation for research purposes at 
the time the regulation was enacted. 
steps were taken to expand the net- 
work to the required number. 

During the period when the net- 
work was being planned, the instru- 
ment specifications prepared, and the 
constructed units inspected, calibrat- 
ed and installed, a minimum of 15 
technicians were required for this 
single element in the total program. 
At the present time, the Air Monitor- 
ing Section of the District contains 
45 employees with an annual payroll 
in excess of $225,000. 

Excluding the cost of additional 
monitoring instruments installed in 
each station to meet research pur- 


.poses, the establishment of an air 
monitoring network to meet the spe- 
cifications established by Regulation 
VII has required a capital investment 
of approximately $18,000 per sta- 
tion. The complete costs of planning, 
installing, and placing in operating 
condition the entire network approach 
$400,000. The operation and main- 
tenance of the total air monitoring 
network, both to meet the require- 
ments of Regulation VII and for re- 
search purposes, will require an ex- 
penditure of approximately $400,000 
during the twelve month period be- 
ginning July 1, 1957. (Fig. 3, 4, 5, 
6, 7, 8 and 9) 

Since values recorded on monitor- 
ing instruments are not transmitted to 
the central control center by auto- 


Fig. 4. Automatic recording device used 
for measurement of nitrogen dioxide and 
nitric oxide. 


matic methods, all stations must be 
manned on days when heavy smog 
concentrations are expected. Smog 
forecasts developed daily by the Dis- 
trict’s meteorologists have been re- 
vised so as to provide more specific 
advance information as to the prob- 
able occurrence of alerts or heavy 
smog concentrations. This informa- 
tion guides decisions as to whether all 
stations will be manned on any given 
day. During these heavy smog epi- 
sodes, values recorded on the instru- 
ments are read by field enforcement 


or laboratory personnel and tele- 

phoned to a central alert center for 

posting. 

The equipment and procedures cur- 
rently employed in the air monitoring 
program in compliance with Regula- 
tion VII, include the following: ‘*? 
(1) Carbon Monoxide — Concen- 

tration of this contaminant is 
measured automatically and 
continuously by means of the 
Mine Safety Appliance Com- 
pany’s Lira Gas Analyzer 
(non-dispersive, differential, 
infrared analyzer) .‘*) 

(2) Nitrogen Oxides — Sampling 
for this contaminant is auto- 
matic and continuous, and is 
based primarily on the color- 
imetric determination of nitro- 
gen dioxide using the Saltzman 
modification of the Griess- 
Ilosvay procedure. 

(3) Ozone — This contaminant is 
measured manually by the rub- 
ber cracking method of Brad- 
ley and Haagen-Smit. The air 
to be sampled is drawn at a 
rate of 1.5 |./min. through a 
glass tube across a bent rub- 
ber strip. A reaction between 
ozone and rubber causes crack- 
ing or serration of the exposed 
cut edges of the rubber strip 
at the point of greatest strain 
or tension (at the top of the 
loop) at a rate proportional 
with the ozone concentration, 
the flow rate, and the diam. 


Fig. 5. The Mine Safety Appliance Com- 
pany's Lira Gas Analyzer used for automatic 
and continuous measurement of carbon 
monoxide. 
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Fig. 6. APCD Air Sampling Station in Persh- 
ing Square, located in Downtown Los An- 
geles. Station was designed to blend with 
park environment in the area. 


of the glass tube in which the 
rubber strip is exposed. By 
means of this relationship, the 
time necessary to cause initial 
cracking of the rubber strip 
can be translated into ozone 
concentration in ppm. by vol- 
ume. 

Sulfur Dioxide — Sampling 
for this contaminant is carried 
out automatically and contin- 
uously by means of the 
Thomas Autometer. ® 

In addition to monitoring the at- 
mosphere for the 4 contaminants list- 
ed in Regulation VII, the APCD sam- 
ples for hydrocarbons, aldehydes, 
total oxidant, particulate matter, and 
oxidant precursor. (Fig. 10, 11. 
12, 13, 14, 15, 16, 17 and 18). 

Experience with the program has 
indicated that, even during particular- 
ly intense smog attacks, maximum 
concentration values for the 4 trigger 
contaminants endure only briefly. Of 
the 25 alerts declared to date, in only 
13 instances did ozone values higher 
than 0.5 ppm. occur for more than 
30 min. No alerts have yet been de- 
clared for contaminants other than 
ozone. The maximum values ever 
recorded in Los Angeles County for 
the 4 contaminants are shown in 
Table III. 

Since the toxicity of each of these 
contaminants is a function of both 
concentration and time of duration, 
the Scientific Committee has given 
serious consideration to revision of 
the standards so as to take into ac- 
count the factor of time of duration 
which is not now recognized by the 
regulation. The probable effect of 
such a revision would be to lessen 


rather than to increase the number 
of alerts which would be called. 


Declaration of Alerts 


Having established the air moni- 
toring network, the task remained of 
establishing an effective communica- 
tion network for the declaration of 
smog alerts. 

In the early period of the program’s 
history, the tools of communication 
were primitive and unwieldy, but, 
nevertheless, remarkably effective. 

With field personnel reading the 
monitoring instruments, the values 
were telephoned to a private phone in 
the control center where they were 
received by a technician assigned to 
the data reduction section. Here, the 
values were recorded and announced 
periodically to the Director of En- 


Fig. 7. Exterior view of air sampling fa- 
cility in Pasadena. 


forcement, who serves as Alert Ad- 
ministrator, and to the Public Infor- 
mation Officer and other staff mem- 
bers concerned with the administra- 
tion of the program. 

Whenever ozone values exceeded 
0.35 ppm., incoming calls were routed 
immediately to the Alert Adminis- 
trator. 

When an alert-level value was re- 
corded in the field, an immediate 
check was made to determine its ac- 
curacy, and the report was then 
phoned directly to the Alert Adminis- 


TABLE III 


C trations of Toxic Contaminants 


Concentration, 


Contaminant in ppm. 


Carbon Monoxide 83 

Nitrogen Dioxide 1.74 
Ozone 0.90 
Sulfur Dioxide 1.70 


Date Location 


Central Los Angeles 
Central Los Angeles 
Vernon 

El Segundo 


9-26-56 
9-17-53 
9-13-55 
5-18-55 


Fig. 8. Interior view of a typical air sam- 
pling station required by Regulation VII. 
Pictured (from left to right) are: Carbon 
Monoxide Recorder, Total Oxidant Record- 
or, Chaney Auto Sampler, Thomas Auto- 
meter for Sulfur Dioxide. Stations are 
manned during heavy smog episodes assur- 
ing prompt transmittal of instrument read- 
ings to Central Control Center. 


trator for the declaration of the alert. 

The declaration was made by the 
Administrator through telephoning 
the Sheriff’s teletype center, the Los 
Angeles City Police Department radio 
center, the District’s Public Informa- 
tion Officer, and the radio dispatch 
center of the Air Pollution Control 
District. 

At the Sheriff’s office, a teletype 
was immediately dispatched to all 
local public safety organizations. 

The Los Angeles City Police De- 
partment carried the announcement 
on its radio band, which is monitored 
by most radio stations through an 
automatic recording instrument 
known as Sigalert. This instrument 
records all bulletins designated for 
Sigalert by the police dispatcher, and, 
at the time of recording, displays a 
visible light and sounds an alarm 
which may be heard by personnel of 
the radio station. Prior agreements 
with the Southern California Radio 
Broadcasters Association resulted in 
use of the Sigalert announcement 
over most public radio and television 
facilities. 

In the District’s public information 
office, notification of an alert prompt- 


Fig. 9. Pictured is apparatus used in the 
manual sampling of ozone. All monitoring 
stations are manned during anticipated 
heavy smog episodes to permit manual 
sampling. 
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Fig. 10. Automatic Oxidant and Oxidant 
Precursor Recorder included in APCD air 
monitoring network. Device captures sam- 
ples of night air and, by irradiation, deter- 
mines potential oxidan: content as it will 
occur the following morning. 


ed several dozen telephone calls to 
the mass media, official agencies, and 
industries. Notification of the alert 
was made first to the news wire serv- 
ices. In Los Angeles these include 
the Associated Press, United Press, 
and City News Service. Prior ar- 
rangements with these groups assured 
that the message would be transmitted 
to all subscribers. Further telephone 
calls were then made to radio and 
television stations, to the offices of the 
Air Pollution Control Board, and to 
other official agencies, such as the 
Weed Abatement Bureaus of the City 
and County, and the Public Works 
agencies. 

At the District’s radio dispatch 
center, the alert notification was dis- 
patched to all field enforcement units 
of the District, totalling 135 in 
number. 

From start to finish, this notifica- 
tion process required only 15 min. 

Messages carried through this com- 
munication network indicated that an 
alert had been called, indicated the 


Fig. 13. Midget Impinger Train and pump 
utilized for collection of aldehyde samples. 
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Fig. 11. Chaney Auto Sampler, a continu- 
ous and automatic device for measurement 
of particulate matter. 


location and time of the alert value, 
notified the public to discontinue all 
refuse burning and asked their co- 
operation in curtailing use of motor 
vehicles. 

Lists of telephone numbers were 
maintained in the public information 
office for plant managers in local in- 
dustries which might be requested to 
curtail operations during second 
alerts. By a prearranged plan, if such 
an alert had been declared, employees 
from other offices of the District 
would be detailed to make the neces- 
sary calls. Field enforcement person- 
nel and law enforcement agencies 
were provided with location lists of 
large commercial incinerators, whose 
use is prohibited during first alerts, 
and of industrial plants which might 
be subject to shutdown during second 
or third alerts. 

Early experience demonstrated that 
this communication system possessed 
several inherent weaknesses: 

(1) It was ponderous and un- 
wieldy to such a degree that 
great latitude for human er- 
ror was possible, 

(2) The procedure for notifying 
industrial establishments in 
event of a second alert was be- 
lieved unworkable — both in 
view of the time required, and 
the necessity to reach respon- 
sible management officials 
with concise, and obviously 
official instructions. 


Fig. 12. Oxidant Recorder utilized in meas- 
urement of total oxidant concentrations. 


Several refinements and improve- 
ments, therefore, have been intro- 
duced either by amendment to Regu- 
lation VII or by administrative di- 
rective: 

(1) Transmittal of alert values 
from the District’s control cen- 
ter to the Alert Administrator 
is now accomplished by Tel- 
autograph, a device which 
transmits almost instantane- 
ously a photocopy of mes- 
sages written on the sending 
device. 

Teletype machines have been 
installed to link the office of 
the Alert Administrator with 
the Sheriff’s office, the Los An- 
geles Police Department, and 
the major news wire services. 


Fig. 14. Apparatus for collection of hydro- 
carbon samples. 
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Under present operations, re- 
liance is p!aced on the Police 
Department’s Sigalert system 
and on the news wire services 
for transmittal of the declara- 
tion to the organized mass 
media. 

(3) To communicate alert infor- 
mation to local industrial 
plants, a selective radio-call- 
ing facility has been installed 
in the District’s radio dispatch 
center. The provisions of 
Regulation VII require key 
categories of industry to pur- 
chase, install and maintain 
radio receivers capable of re- 
ceiving alert messages from 
the Control Officer. The radio 
receiving unit is designed for 
operation on a carrier fre- 
quency of 39.98 megacycles. 
The transmitting frequencies 
selected are such as to pre- 
serve a closed communication 
system to the alert notification 
process. Governmental offi- 
cers and agencies playing a 
role in the overall program are 
included in the radio system. 
The receivers installed by each 
plant cost between $250 and 
$300 each. 


Voluntary Provisions of the Program 


To assure that the employment of 
the monitoring and communication 
systems would yield desired results, 
the Regulation and judgment dictated 
an intensive public education pro- 
gram. Its major purposes were: 

(1) To acquaint the general pub- 
lic with preventive measures 
that might be taken to deter 
the occurrence of alerts. 

(2) To acquaint the general pub- 
lic and industry with the man- 
datory and voluntary actions 
required by the program. 

(3) To stimulate the preparation 

' of voluntary shutdown plans 
by local industry and the de- 
velopment of voluntary plant 
air pollution control programs 
that might further increase 
the effectiveness of legally-re- 
quired control measures not a 
part of the Disaster-Preven- 
tion Program. 

Two informational publications en- 
titled, How You Can Help Fight 
Smog, and How Industry Can Help 
Fight Smog were prepared, published 
and distributed. More than 500,000 
copies of these publications have 
been distributed to date. 

Special publications on the Dis- 
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aster-Prevention Program were pre- 
pared and distributed to plant man- 
agers in Information Kits. The kits 
contained suggested shutdown plans 
and guides for the development of 
plant share-the-ride and plant air pol- 
lution control programs. Two Field 
Representatives were employed by the 
Air Pollution Control District and 
given the sole responsibility of meet- 
ing with trade and industrial associa- 
tions and with managers of the larger 
industries. Their objective was to as- 
sist and stimulate plant management 
in the development of shutdown 
plans, the inauguration of share-the- 
ride programs, and the implementa- 
tion of plant air pollution control pro- 
grams. 

Radio spot announcements were 
mailed twice monthly to all radio and 
television stations carrying informa- 
tional messages regarding the entire 
program. 

In 1956. a coordinated, commun- 
ity-wide share-the-ride program was 
launched in cooperation with the Los 
Angeles Chamber of Commerce. 
Share-the-ride coordinators were ap- 
pointed in several hundred of the 
largest plants and commercial estab- 
lishments, a recommended in-plant 
ride-sharing program was prepared 
and distributed, while newsletters and 
regular meetings provided tips to 
plant coordinators on the administra- 
tion of their own programs. Feature 
articles, cartoons, and radio-TV spot 
announcements were distributed by 
the hundreds. 

Perhaps the most notorious element 
in the entire public education phase 
of the program, was the now famous 
Smog Red-Smog Green system. 

Since smog forecasts had long been 
a public service activity of the Air 
Pollution Control District, these were 
turned to use in the voluntary pro- 
gram. 

Whenever forecasts indicated the 
possible occurrence of smog, a Smog 
Red warning was forecast the evening 
before over radio, television, and on 
the front pages of the daily news- 
papers. Through continuing release 
of radio and television spot announce- 
ments the public was informed of the 
preventives which should be applied 
during Smog Red Days. such as No 
Refuse Burning, Share-A-Ride Today, 
and other similar messages, Together 
with the forecast, the newspapers 
printed Smog-Red cartoons based on 
matrixes prepared and distributed by 
the APCD. These cartoons indicated 
also the preventive measures which 


should be taken. 


Fig. 15. View of apparatus employed by 
APCD for automatic collection of nitrogen 
oxides samples. 


Fig. 16. Staplex Hi-Volume Filter Samplers 
for collection of ether-soluble aerosols. 


Fig. 17. View of equipment used in extrac- 
tion of ether-soluble aerosol material from 
filters. 


Fig. 18. Radiometer—for automatic deter- 
mination of ozone concentration by long- 
path ultraviolet radiation. (Note light source 
at right of recorder.) This device is being 
considered as replacement for manual ozone 
sampling in APCD air monitoring network. 
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AIR POLLUTION CONTROL DISTRICT — COUNTY OF LOS ANGELES 
434 S. San Pedro Street, Los Angeles. MAdison 94711. 


PLANT SHUTDOWN PLANS & INFORMATION — REGULATION VII 


Company Name Address Phone Number. 
i 
Equipment Operating data — For 
Basic pollution Process Products 0 0 and/or 2 
control day week | consumption} mended only 
Extrusion Bag Type 
1 |Polishing ls 5 5 
Lathe Separator 
Caustic Etch Ai Etching 200# / Alumi- 
1 |Unit Roto- S bb. Inspection num etched/ 5 5 
clone crubber | samples day 
Approx. Hot air circulating|| 
|fumaces— None | | 26 | 5 10 | 30 fans. Must run until 
Estimated 
sti 
Die Preheating Heating Steel 800 c.f.h. 
© | furnaces None | dies dies con- 5 5 
sumption 
Approx. Hot air circulati 
heat-treat- : ot air circulating 
Aluminum} 94 5 | 4500 c.f.h. 10 30. ~—s| fans. Must run until 
4 |Aging Oven None extrusions ° ve temperature 
Will handle 
Rotoclone Air Removing | Ajuminum up to 2500 
on Scrubber | extrusions| > le.f.m, exe 5 5 
presses fumes heust air 
Rotoclone on 
Remove Will handle 
caustic tank Air : Clean 
1 cleaning | Scrubber steel dies 5 1000 cm. 5 5 
1 for None outing Repaired 24 5 5 5 
ie repair ies steel dies consumption 
Day Shift | Swing Shift | Night Shift Si 
Number of office and administrative personnel 65 ll 3 sgnetare Responsible Official 
Number of all other personnel 166 108 48 Pitet en Type ” 
Number of motor vehicles used daily by office ce 
and administrative personnel from home to work 52 9 3 - 
Number of motor vehicles used daily by all other personnel 133 95 38 Title 
Number of company owned motor vehicles used daily 3 2 1 Date October 17, 1956 


On any day when no smog was 
forecast, a Smog Green announce- 
ment was flashed, and this proved to 
be the downfall of the entire system. 

The terms RED and GREEN had 
been devised to attract public atten- 
tion and to convey a simple under- 
standing of the actions which would 
be necessary. The term RED, like 
the typical stop-light, meant STOP 
ALL UNNECESSARY AIR POL- 
LUTING ACTIVITIES. The term 
GREEN was simply the go-ahead sig- 
nal for all normal activities. How- 
ever, when people throughout the na- 
tion heard of the terms, reports fil- 
tered back to the Los Angeles City 
Council and to local business groups 
that these outlanders and _ potential 
tourists imagined that Los Angeles 
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Fig. 19. Typical plant shut-down plan. 


had smog every day — some days 


green, and other days red. On re- 
quest, these terms were dropped, but 
the smog forecasts and all other ele- 
ments of the system continued. 


Shut Down Plans 


Critical to the success of the en- 
tire disaster-prevention program is 
the plan for curtailment of air pol- 
luting activities during alert periods. 
As originally enacted, Regulation VII 
envisioned the submittal of voluntary 
shut-down plans from industries con- 
tributing significant contaminants to 
the atmosphere, and the development 
of a master plan by the APCD. The 
master plan would detail the over-all 
curtailment and control steps which 


would be activated during a second 


16-60 D 67 


or third alert level. 

Under the regulation, the advent of 
a second or third alert level would 
result in the inauguration of an in- 
dustrial shut-down procedure capable 
of coping with the immediate crisis. 
All shut-down orders would be issued 
under the authority of the Air Pol- 
lution Control Board acting with the 
advice and counsel of the Emergency 
Action Committee and the Air Pollu- 
tion Control Officer, As Chief ex- 
ecutive officer of the program, the 
Control Officer would provide such 
detailed information to the Board 
and the Committee as is necessary to 
the issuance of sound and effective 
shut-down orders. 

To meet the problems posed by any 
second or third alert level, informa- 
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tion required would include complete 
data as to the types of contaminants 
emitted from individual industrial 
processes, the amounts of contami- 
nants emitted/unit of time, the time 
required for partial and complete 
shutdown of the process, and other 
such vital data. It is apparent that 
the assembly of such information by 
the Control Officer and the develop- 
ment of a recommended master plan 
would be impossible without indi- 
vidual shutdown-plant plans contain- 
ing specific information which could 
be studied, consolidated, and incor- 
porated into an overall plan of action. 
However, by July 25, 1956—more 
than 1 year after the enactment of 
Regulation VII—only 50 voluntary 
shutdown plans had been received 
from the more than 15,000 industrial 
plants within Los Angeles County. 


This comparatively insignificant re- 
sponse followed more than 1,000 
telephone calls and almost as many 
personal contacts by members of the 
District with the industries affected. 
The policy of awaiting the voluntary 
submission of shutdown plans re- 
sulted in only 9 plans which outlined 
a detailed workable program. The 
remainder of the total of 50 plans re- 
ceived were either vaguely descriptive 
of a general program or more often 
merely a pledge of cooperation and a 
plan for the establishment of car 
pools. 

Since the Air Pollution Control Of- 
ficer had no legal authority under the 
Regulation, either to compel the sub- 
mittal of shutdown plans or to ap- 
prove or reject such plans, it was 
necessary to modify this portion of 
the existing Regulation making it 
mandatory that such curtailment or 


shutdown plans be submitted to the 
Air Pollution Control Officer after 
written notice to the operators of an 
industry, business, commercial es- 
tablishment, or activity. Consequent- 
ly, on July 26, 1956, the regulation 
was revised so as to make mandatory 
the submittal of shutdown plans by 
industry. 

As revised, the regulation states: 
If the Air Pollution Control Officer 
finds that any industrial, business, or 
commercial establishment or activity 
emits hydrocarbons or any of the 
contaminants named in Rule 156,’ 
he may give written notice to the own- 
er or operator of such industrial, 
business, or commercial establish- 
ment or activity to submit to the Air 
Pollution Control Officer plans for 
immediate shutdown or curtailment, 
in the event of an air pollution emer- 
gency. 
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determine 
DUST PARTICLE 


Micro-Particle Classifier No. 6000 with totally 
enclosed 220 volt, 3 phase motor operates at 
3500 rpm. 16" high x 1644" diameter 


with the 
DIETERT- DETROIT 
MICRO-PARTICLE 
CLASSIFIER 


Quickly determine sub-sieve particle sizes with 
scientific accuracy. The No. 6000 Dietert- 
Detroit Micro-Particle Classifier is widely used 
throughout industry for pre-testing dust col- 
lector needs, for determining the separating 
efficiency of air cleaners, for particle size 
control in many industrial processes and for 
scientific studies of fine materials. Mineral 
flours, metal powders, abrasives, fly ash, 
chemicals, drugs, etc., can be classified into 
eight fractions below 60 microns, (materials 
above 60 microns can be retained for sieve 
analysis). An eight-fraction analysis can be 
completed at the rate of 15 minutes per 
fraction by unskilled operators. Fractions are 
precisely defined and may be retained for 
accurate study. Gentle sifting action prevents 
particle fracture—assures accuracy and 
reproducibility. 


8-page catalog mailed on request 


HARRY W. DIETERT CO. 
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9330 Roselawn 


Send me 8 page Micro-Particle Classifier bulletin— 
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Acting under the authority of the 
‘revised regulation, shutdown plans 
were requested from individual plants 
representing more than 10 categories 
of industrial operations within Los 
Angeles County. 


Shutdown plans were requested 
from every person who owned, oper- 
ated, maintained or used any: 


(a) Petroleum refinery. 

(b) Chemical processing plant, 
except a plant engaged ex- 
clusively in packaging, mix- 
ing or blending less than 
1,000 Ib./hr. 

(c) Open hearth steel furnace. 

(d) Secondary non-ferrous re- 
finery. 

(e) Electric arc furnace. 

(f) Asphalt saturator. 

Asphalt paving plant. 
Ferrous foundry. 

(i) Non-ferrous foundry in 
which metals other than 
aluminum, zinc, lead or al- 
loys in which aluminum, 
zinc, or lead is the principal 
ingredient are processed ex- 
cept a foundry in which the 
throughput does not exceed 


100 lb./hr. 


(j) Plant manufacturing paint 
or varnish. 


Following receipt of the shutdown 
plans from plants in these categories, 
a comprehensive study and evalua- 
tion was undertaken of the data sub- 
mitted. This was a considerable task 
because of the large number of com- 
panies involved, the diversity of 
their activities and the extremely 
complex nature of many of the opera- 
tions. A number of plans received 
were found incomplete or unaccept- 
able for some reason and _ necessi- 
tated conferences with the persons in- 
volved and the resubmittal of revised 
plans. (Fig. 19). 


The first step taken in the evalua- 
tion of the shutdown plans was the 
compilation and tabulation by com- 
panies and categories of industries or 
activities, of all of the data sub- 
mitted including car pool data and 
both minimum and _ recommended 
shutdown times. By making a com- 
parison of the tabulated data for a 
particular category of industry or ac- 
tivity, it was possible to evaluate 
shutdown times for similar operations 
or units of equipment. Where shut- 
down time appeared excessive or did 
not pees with the average time 
observed from the survey, the com- 
panies were contacted and the rea- 
sons for such deviations from the 
norm were determined. 


Regulation VII states: /t shall 
be the objective of such program 
to result in bringing about a 
diminution of air contaminants 
which occasioned the Second 
Alert and to prevent any increase 
thereof in order to protect the 
health of all persons within the 
area affected by the alert. It 
shall also be the objective of 
such plans that they may be ef- 
fective to curtail the operations 
of industrial, business, commer- 
cial, and other activities within 
the basin, but without undue in- 
terference with the operations of 
public utilities or other produc- 
tive, industrial, business, and 
other activities, the conduct of 
which is essential to the health 
and welfare of the community. 
It is further intended that any 
said plan of action shall not 
jeopardize the welfare of the 
public or result in irreparable in- 
jury to any means of produc- 
tion or distribution or the rend- 
ering of public utility services. 


In view of this, it was determined 
that to effect a shutdown or a curtail- 
ment of industry by employing the 
minimum shutdown time would con- 
stitute such drastic remedial meas- 
ures as to completely disrupt the eco- 
nomic life of the community or to re- 
sult in irreparable injury to any form 
of production, manufacture, or busi- 
ness which would be contrary to the 
provisions of the Regulation. Con- 
sequently, under the Master Plan of 
action it is anticipated that when a 
Second Alert occurs industry shut- 
down plans will be carried out in ac- 
cordance with the recommended time 
stipulated. 


In many cases, in the shutdown 
plans submitted, the recommended 
time and the minimum time are the 
same. It is anticipated that in the 
event of a third alert a crash pro- 
gram could be effected calling for 
the promulgation of shutdown plans 
on a minimum time basis. 


After all of the shutdown plans 
submitted to the District had been re- 
viewed and approved as meeting the 
requirements of the law, the compa- 
nies and the persons submitting such 
plans were notified by registered mail 
of the reecipt and approval of their 
plans. They were further notified 
that in the event of an air pollution 
emergency alert, they would be di- 
rected by the Air Pollution Control 
Officer to execute the curtailment or 
shutdown provisions of their plans in 
accordance with Regulation VII. 
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The original list of plants from 
whom shutdown plans were requested 
under the terms of the revised regula- 
tion is now being expanded. During 
the compilation of the original list, 
it was recognized that the list repre- 
sented merely a starting point and 
that not all the businesses, commer- 
cial and industrial establishments ca- 
pable of emitting hydrocarbons or 
any of the alert contaminants were 
included. In the expanded program 
it is proposed that the regulation be 
revised and amended so as to include 
the following categories of industrial 
or commercial operations: 

(a) Petroleum refineries. 

(b) Bulk gasoline loading facili- 
ties for tank vehicles, tank 
cars, or marine vessels from 
which facilities 20,000 gal- 
lons or more of gasoline are 
loaded/day. For purposes 
of this paragraph, gasoline 
means any petroleum distil- 
late having a Reid vapor 
pressure of 4 lb. or greater, 
and facilities means all 
gasoline loading equipment 
which is both (1) possessed 
by one person, and (2) lo- 
cated upon a single parcel 
of land or upon contiguous 
parcels of land. 

Asphalt saturators. 
Asphalt paving manufactur- 
ing plants. 
Asphalt manufacturing 
plants. 
Chemical plants which (1) 
react or produce any or- 
ganic liquids or gases, (2) 
produce sulfuric acid, nitric 
acid, or phosphoric acid or 
sulfur. 
Paint, lacquer, or varnish 
manufacturing plants in 
which 10,000 gallons or 
more/month of solvents, di- 
luents, or thinner, or any 
’ combination thereof, are 
combined or manufactured 
into paint, enamel, lacquer, 
or varnish. 

(h) Rubber tire manufacturing 
or rubber reclaiming plants. 

(i) Automobile assembly or au- 
tomobile body plants. 

(j) Metal melting, refining, or 
smelting plants in which a 
total of 2,500 lb. or more 
metal is in a molten state 
at any one time or is poured 
in any | hr. 

(k) Rock wool manufacturing 
plants. 


(l) Glass or frit manufacturing 


plant in which a total of 
4,000 Ib. or more glass or 
frit or both is in a molten 
state at any one time or is 
poured in any | hr. 

It is to be noted that the proposed 
list includes six additional general 
classifications of industry: gasoline 
loading and handling facilities, as- 
phalt manufacturing plants, rubber 
tire manufacturing or rubber reclaim- 
ing plants, automobile assembly or 
automobile body plants, rock wool 
manufacturing plants, glass or frit 
manufacturing plants. 

It is contemplated that, as soon as 
time and personnel permits, the sub- 
ject of combustion sources, solvent 
sources, as well as other miscellane- 
ous sources, will be thoroughly in- 
vestigated and a decision made as to 
which ones shall be requested to sub- 
mit shutdown plans. 

To assure the constant timeliness 
of the master shutdown plan and of 
individual plant shutdown plans, cer- 
tain procedures have been evolved. 
Under these procedures, applications 
from industrial or commercial con- 
cerns for the construction and opera- 
tion of equipment capable of emitting 
air contaminants‘*’ are brought to 
the attention of the District’s Evalua- 
tion and Planning Staff, the organiza- 
tion responsible for the maintenance 
of the master plan. Upon receipt of 
this notification by the Evaluation 
and Planning Staff, the appropriate 
request for shutdown plans is mailed 
to the company involved. 

Periodic physical inspections of 
each plant in the County also are per- 
formed by the Enforcement Division 
to assure that individual plant shut- 
down plans contain accurate and cur- 
rent information. Under the present 
program, it is contemplated that 
physical inspections of plants af- 
fected by Regulation VII will be per- 
formed at least once every 6 months. 
Duplicate copies of individual plant 
shutdown plans are maintained by the 
Enforcement Division to serve as a 
basis for this inspection program. 


Conclusions and Summary 


It is recognized that the formalized 
disaster-prevention program of Los 
Angeles falls far short of perfection 
and that continued improvements and 
refinements will be necessary to as- 
sure the full accomplishment of its 
basic objective: the prevention of 
health-disturbing episodes of air pol- 
lution. 

Several problems have evidenced 
themselves during the administration 


of the program since its inception 
nearly 2 years ago. 


(1) The inauguration of compul- 
sory shut-down programs is 
impossible until second or 
third alert contaminant con- 
centrations are reached. This 
raises the obvious question as 
to whether or not we’re lock- 
ing the barn door after the 
horse has been stolen. Re- 
search has demonstrated that 
once organic materials and 
oxidants enter the atmosphere. 
little can be done to prevent 
the occurrence of smog-form- 
ing oxidation processes in the 
presence of sunlight. One of 
the products of these reactions 
is ozone — the contaminant 
upon which all alerts have 
been declared during the two- 
year history of the program. 
In this sense, at least, it would 
appear more effective to cur- 
tail activities contributing to 
the formation of ozone sub- 
stantially in advance of the 
occurrence of high atmos- 
pheric concentrations of the 
substance. To date, this step 
has been impossible in view 
of the great technical difficul- 
ties encountered in formulat- 
ing accurate advance meteoro- 
logic predictions of the ex- 
tremely variable conditions 
contributing to the occurrence 
of precise concentrations of 
individual contaminants. Le- 
gal establishment of an alert 
program based on smog fore- 
casts is impossible until this 
technical program can be re- 
solved. 

Present alert standards are 
based on available informa- 
tion regarding the toxicity of 
individual contaminants. Most 
such information, however, is 
derived from the experience of 
industrial hygienists who warn 
that their tables of maximum 
allowable concentrations for 
industrial workers cannot be 
extrapolated for air pollution 
situations. It must be recog- 
nized, therefore, that a great 
deal more can be learned re- 
garding the toxicity of indi- 
vidual substances present in 
the atmosphere of urban areas. 
There remains the addition 
complication of possible syn- 
ergistic effects between indi- 
vidual contaminants — effects 
which are now unknown and 
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therefore incapable of recog- 
nition in an official disaster- 
prevention program. 

(3) Research has failed to show 
any direct correlation between 
the intensity of smog in Los 
Angeles County and the con- 
centrations of any of the con- 
taminants listed by Regulation 
VII as a basis for the declara- 
iton of alerts. It may well be 
that we are not yet monitor- 
ing the atmosphere for the 
specific contaminant or reac- 
tion products comprising a 
true index of smog intensity 
and of public health disturb- 
ances. This remains the illu- 
sive Pimpernel. 

(4) As constituted in Los Angeles. 
the over-all effectiveness of the 
disaster-prevention program 
also may be questioned. After 
10 years of intensive effort in 
establishing air pollution con- 
trols over industrial opera- 
tions, the largest remaining 
sources of contaminants are 
motor vehicle exhausts and or- 
ganic solvents. Refuse burn- 
ing will be outlawed com- 
pletely on October 1, 1957. 
leaving motor vehicle ex- 
hausts as the chief contributor 
of smog-forming organic ma- 
terials. Unfortunately, this 
source eludes effective cur- 
tailment during alert peri- 
ods. Law enforcement agencies 
have been unable to devise a 
practical plan for halting ve- 
hicular traffic'®) should a sec- 
ond or third alert condition 
be reached. It is conceivable 
that the closing of industrial 
establishments during alert pe- 
riods might even lead to an 
exaggeration of the over-all 
pollution problem by motivat- 
ing thousands of employees to 
drive their automobiles home 
at the worst possible time of 
day. 

In spite of problems to be met in 
formulating air pollution disaster-pre- 
vention programs for urban areas, it 
must be recognized that the possibili- 
ties of such disasters — however re- 
mote — are an ever-present threat in 
modern urban communities. 


In recognition of this eventuality, 
the Los Angeles County program has 
been organized. It represents an in- 
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tensive effort to establish all possible 
safeguards against health-disturbing 
smog episodes, at least until such time 
as effective and permanent remedial 
measures may be devised and _in- 
stalled on existing uncontrolled or 
imperfectly controlled sources of air 
contamination. 

The program requires an annual 
expenditure of approximately $480,- 
(000 for all purposes and involves sev- 
eral essential activities: air monitor- 
ing, an effective communication sys- 
tem, intensive public information and 
education efforts, continuing mainte- 
‘nance and development of industrial 
shut-down plans, and constant re- 
search efforts to improve the system 
and the standards of contaminant 
concentrations. 

Even as great advances have been 
made in the control of air pollution 
in Los Angeles County during the 
past 10 years, it is to be hoped that 
continued technical advances will 
point toward areas where the disaster- 
prevention program may be further 
improved so that the health of five 
and one-half million persons can be 
protected to the fullest possible extent. 
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' All changes in the Regulation, of course, 
must result from legal enactments by the 
Air Pollution Control Board. 

* Clean Air for California, Calif. State 
Dept. of Public Health, March, 1955. 

* See also, J. Cyril Romanovsky, James R. 
Taylor, et al. Air Monitoring of the Los 
Angeles Atmosphere With Automatic In- 
struments. Presented at the Annual 
Meeting of the Air Pollution Control As- 
sociation, Buffalo, New York, May 21, 
1956. 

‘ In this instrument, infrared rays from two 
separate nichrome sources are passed al- 
ternately, at a frequency determined by a 
chopper, through 2 parallel cells, con- 
verging on a single detection cell con- 
taining a known concentration of carbon 
monoxide in argon. One of the parallel 
cells contains pure nitrogen as a reference 
gas, while through the other flows the air 
to be sampled. 

The radiation received by the detector 
cell from each beam, after it has passed 
through its respective sample or reference 
cell, causes the carbon monoxide to be 
heated and to expand against the con- 
denser plate of a microphone housed in 
the detection cell. If one beam contains 
more infrared radiation than the other, 
the heating and expansion of the carbon 
monoxide in the detector cell will be 
greater with one than the other, the pat- 
tern of occurrence of this phenomenon 
being also dependent upon the chopper 
frequency. 

In actual practice, the instrument oper- 
ates on a null balance principle, which 
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DUST CONTROL NEWS 


MOT THIS: 


DAY “RJ” Dust Filter Operates 
for Pennies NOT Dollars 


DAY has simplified dust filter design without sacrificing high 
efficiency. That’s why there’s so much interest in the DAY 
“RJ” dust filter. Simplified design means fewer parts, lower 
operating costs and less maintenance. With the DAY “RJ” 
costly compressed air, complicated valves, timers, shaking or 
rapping devices are NOT required. The entire counter air 
flow mechanism (the reason for the “RJ’s” continuous, high 
efficiency) is operated by one small motor which varies from 
% h.p. to 1% h.p., depending upon the model selected. 


The DAY “RJ” dust filter will handle light 
or heavy dust laden air streams. It filters 
fine, coarse, abrasive or non-abrasive 
dusts with outstanding efficiency ratings. 
Recent orders for 49 DAY “RJ” units came 
from 31 companies already using this filter 
— substantial proof of owner satisfaction. 
For complete specifications write toDAY for 
Bulletin G-579. 


SOLD in UNITED STATES by ~ s MADE and SOLD in CANADA by 
The DAY SALES Company The DAY Company of Canada Limited 


862 Third Ave. N.E., Minneapolis 13, Minn. rime Aaar} 3! Brydon Drive Rexdale (Toronto), Ontario 
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means that the condenser plate is never 
actually permitted to vibrate. This is 
accomplished by means of a feedback 
mechanism through which it is possible 
to control the radiation output of the 
reference source relative to the quantity 
being received by the cell through the 
sample path. By this means, the detector 
cell actually receives the same amount 
of radiation from both sources regardless 
of the portion of radiation being trans- 
mitted through the sample cell which is 
absorbed there during transmission. Since 
the difference between the 2 beams is 
compensated by the feedback mechanisin, 
the amount of compensation necessary 
will be proportional to the amount of 
carbon monoxide present in the sampled 
gas which absorbed the radiation in the 
sample cell. This can be translated and 
recorded in terms of concentration of 
carbon monoxide in ppm. by volume. 
The instrument utilized is actually de- 
signed to measure both nitric oxide and 
nitrogen dioxide simultaneously and ac- 
complishes this in the following manner: 
For nitrogen dioxide (NO.), air is drawn 
through an absorption column at the rate 
of 225 ml./min., countercurrent to a flow 
of Saltzman absorbing solution at the rate 
of 2.16 ml./min. Color produced by the 
reaction between nitrogen dioxide and 
Saltzman reagent is measured photometri- 
cally and is continuously recorded, as 
ppm. (by vol.) of nitrogen dioxide. 
Sampling for nitric oxide (NO) through 
a separate sampling stream, is identical 
with that for nitrogen dioxide except 
that the air flow rate is 235 ml./min. 
and that, just prior to passing through 
the absorption column, a measured con- 
centration of ozone is added to the sam- 
ple stream in order to convert the nitric 
oxide to nitrogen dioxide. The color pro- 
duced by the total nitrogen dioxide pres- 
ent in this sample stream is also recorded 
on the strip chart as ppm. nitrogen di- 
oxide, the difference between the 2 con- 
centrations being attributable to the oxi- 
dized nitric oxide. 


In this instrument air is drawn through 
an absorption column at a rate of 0.33 
cfm., countercurrent to the flow of hy- 
drogen peroxide absorbing solution at a 
rate of 3.3 ml./min. The sulfur dioxide 
present in the sample stream is simulta- 
neously absorbed and oxidized to form 
sulfuric acid, the concentration of which 
is determined by measuring the change 
in electrical conductivity of the absorb- 
ing solution before and after contact 
with the sample stream. This change is 
recorded as ppm. (by vol.) of sulfur di- 
oxide. 

Rule 156 names the contaminants serving 
as triggers tor the declaration ot alerts. 
These include ozone, sulfur dioxide, car- 
bon monoxide and oxides of nitrogen. 
Under Rules and Regulations of the 
APCD, permits must be secured from the 
District prior to the construction and op- 
eration of any device capable of emitting, 
or designed to control the emission, of air 
contaminants. 

There are presently 2,700,000 motor ve- 
hicles registered in Los Angeles County, 
and 53 local enforcement agencies having 
jurisdiction over traffic control in various 
areas of the County. 
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Kraft paper pulping operations have 
their own odor characteristics. Even 
their “sour cabbage” smell has been 
effectively controlled with Airkem. 


Airkem installations are simple to 
operate and low in cost. No change 
is required in process or plant con- 
struction. 


Petroleum Industry mixes molecules 
to end community relations problem 


A new form of molecular mixture 
is the petroleum industry’s answer to 
the old problem of odorous gaseous 
wastes. The solution is in blending 
Airkem odor counteractant molecules 
with the odor molecules leaving the 
refinery site. Odor counteractants de- 
veloped through fifteen years in basic 
odor research are projected into the 
air by means of a calibrated atomizing 
nozzle. Through molecular dispersion, 
the Airkem counteractant follows the 
course of the odorous airstream and 
neutralizes its unpleasant effect. This 
simple and economical approach to 
odor control quickly establishes better 
community relations wherever it is 
installed. 


Kraft pulp industry odor problems 
are also complex. However, Airkem 
odor control chemists and field engi- 
neers have found the solution to this 


of APCA 


problem as well. In the United States 
and other parts of the world Airkem 
odor counteractants have removed the 
stigma of obnoxious odors from kraft 
pulp mills without requiring changes 
in process or plant design. 


Is your process odorous? Airkem 
maintains the most exten- 
sive odor research labora- 
tory in the world, as well as 
an international organiza- 


sentatives to help solve your problems. 
If your company has a problem with 
odors from petroleum wastes, kraft 
pulping, fertilizer processing, paint 
baking, or any other industrial process, 
why not ask Airkem for help? 


Write for information today. 


AIRKEM, INC. 
241 East 44th Street, New York 17, N. Y. 
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Please send me information on industrial 
odor control. 


My problem is 


Name 


Position 


Company 


Address 


City Zone___ State 
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In 
Cincinnati, 


Ohio 


A.1.S.1. Sampler records valuable 


information on finely divided soil 
particles in the atmosphere Si 
Since 1952, the City of Cincinnati desirability of polluted atmosphere. 
has been using the A.I.S.I. Sampler, Similarly, an increasing number are Bt 
and is currently using three of them depending on the A.I.S.I. Sampler se 
in the city’s continuous air measure- to record for them what contamina- 
ment program. tion is in the atmosphere. They have The 
According to Charles W. Gruber, found, too, that because of its low 
Air Pollution Control and Heating cost, the A.I.S.I. Sampler can be col 
Engineer, City of Cincinnati, the used in quantity to give complete CHE 
A.I.S.I. Sampler is also used as an coverage of the city. And, of course, PH 
index of soil in the atmosphere, and it operates quietly and continuously C 
the results give much valuable infor- 24 hours a day. GYF 
mation on the build-up and carry- Write for further information on 
away of the fmely divided particles both the A.I.S.I. Sampler and the "Buf 
which remain suspended. Hydrogen Sulfide Sampler, as well effici 
Like an increasing number of large as the Spot Evaluator, which evalu- utili: 
cities throughout the country, ates the samples by measurement of The 
Cincinnati is conscious of the un- __ light transmission. stanc 
dust 
Hyd 
RESEARCH APPLIANCE COMPANY Eng 
Box 307, Allison Park, Pa. 
t 
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Your AIR POLLUTION and/or GAS RECOVERY Probiems 
SOLVED the EFFICIENT, ECONOMICAL “*“BUFFALO’ WAY! 


“BUFFALO” HYDRAULIC 
SCRUBBING TOWERS 


“BUFFALO” GAS 
ABSORBERS 


Your Perfect Answer for... 


ACIDS AND BASES — Hydrochloric 
Acid, Hydrofluoric Acid, Nitric Acid, 
Sulphuric Acid, Ammonia * ORGANIC 

VAPORS — Acetic Anhydride, Acetic 
Acid, Ethyl Alcohol, Methyl Alcohol 
MALODOROUS GASES — Hydrogen Sul- 
phide, Sulphur Dioxide, Sulphur Trioxide. 


The Ideal Solution for... 

COKE BREEZE + FUNGICIDES 
CHEMICAL ALLOYS * FURNACE FUMES 
PHOSPHATE ROCK + LIME CALCINING 
GYPSUM BOARD + SOz2 or SO: PROBLEMS 


“Buffalo” Hydraulic Scrubbing Towers provide maximum If you are faced with an industrial air pollution problem 

efficiency in processing contaminants of the above type by involving the removal of soluble gases, vapors and mists 

utilizing a highly effective wet centrifugal cleaning method. from exhaust streams before discharge to the atmosphere, 

The result is a compact, dependable unit capable of with- “Buffalo” Gas Absorbers are your most practical solution. 

standing high temperatures, sticky, corrosive or abrasive “Buffalo” absorption equipment is engineered to handle 

dusts, fumes or gases. For full information on “Buffalo” any required capacity, without adverse effect on efficiency : 

Hydraulic Scrubbing Towers, contact your nearest “Buffalo” or change in operating characteristics. Your “Buffalo” | 

Engineering Representative or write for Bulletin AP-525. engineering representative will be glad to recommend the | 
Every “Buffalo” product brings you the extra-value type of Gas Absorber best suited to fulfill your requirements. ) 
“Q” Factor —the built-in QUALITY that provides Contact him, or write us direct. We will be glad to send | 
trouble-free satisfaction and long life. you full information, including Bulletin AP-225. t 

BUFFALO FORGE COMPANY hi 


BUFFALO, NEW YORK 
BUFFALO PUMPS DIVISION, BUFFALO, N. Y. 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING AIR CLEANING AIR TEMPERING ° INDUCED DRAFT EXHAUSTING FORCED DRAFT 
COOLING HEATING PRESSURE BLOWING 
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BUELL 
CYCLONE 


“SF” ELECTRIC 


PRECIPITATOR 


PRECIPITATOR-CYCLONE 
COMBINATION 


Buell Combination Cyclone-Precipitator installation 
at cement plant. 


In nearly all cases, Buell dust or fume collection 
systems pay for themselves in just a few years. 
Buell “SF” Electric Precipitators provide extra 
collection efficiency and lower maintenance 
costs year after year, thanks to features like the 
exclusive high-emission, self-tensioning Spiral- 
ectrodes and unique Continuous Cycle Rapping. 
For specific information about dust collection 
efficiency and all three Buell systems, write for 
a copy of the booklet, “The Collection and 
Recovery of Industrial Dusts.” 
Dept. 51-E, Buell Engineering 
Company, Inc., 123 William 
Street, New York 38, N. Y. 
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Experts at delivering Extra Efficiencyin DUST COLLECTION SYSTEMS 
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For The Second Consecutive Year... 


Every One the 
Nation’s “Top Six” 
Steam Power Plants, 
Fly Ash Control 

is by 

Western 


As power plant executives know, each year the Federal Power 
Commission “rates” the nation’s major steam power plants to deter- 
mine their overall efficiency as determined by their heat rate. 

According to the latest Federal Power Report, the “Top Six” steam 
power plants are...1. Tanners Creek Plant (Indiana and Michigan 
Electric)...2. Kanawha River Plant (Appalachian Electric Power) 
...3. A two-way tie between Muskingum River Plant (Ohio Power) and 
Kyger Creek Plant (Ohio Valley Electric)...and 5. A two-way tie 
between Clifty Creek Plant (Indiana-Kentucky Electric) and St. Clair 
Plant (Detroit Edison) 


Obviously, to qualify among the nation’s best, these plants represent not - 
only advanced engineering design but also the most painstaking evalua- 
tion and selection of equipment. And we at Western Precipitation take 
particular pride in the fact that—for the second straight year —the 
equipment selected for fly ash control in EVERY ONE of the top 
six plants is Western Precipitation equipment! 


Could there be any greater testimony to the outstanding quality and 
unsurpassed efficiency of Western Precipitation fly ash control equipment? 


WESTERN 


PRECIPITATION 


CORPORATION 


COTTRELL Electrical Precipitators 
MULTICLONE Mechanical Collectors 
CMP Combination Units 
DUALAIRE Jet-Cleaned Filters 
HOLO-FLITE Processors 
HI-TURBIANT Heaters 


Eng and C of Equi for Collection of S ded Material from Gases . . . and Equipment for the Process Industries 
LOS ANGELES 54 - NEW YORK 17 + CHICAGO 2 - PITTSBURGH 22 + ATLANTA 5 + SAN FRANCISCO 4 
Representatives in all principal cities 
Precipitation Company of Canada Ltd., Dominion Square Bidg., Montreal 
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Wherever toxic and radioactive particles or airborne 
micro-organisms are a threat to health or production 
processes, M-S-A Ultra-Aire Space Filters offer a de- 
pendable, effective safeguard. The high mechanical filter- 
ing ability of these units cleans outgoing or incoming air. 
Result is increased safety or higher product purity in a 
wide variety of manufacturing operations. 


STANDARD MODEL—Conforming to Atomic 
Energy Commission and Chemical Corps specifications, 
the standard M-S-A Ultra-Aire Space Filters have a 
rated retention efficiency of 99.97% on the standard 
military D.O.P. penetration test. We test every filter 
against a standard D.O.P. smoke concentration (particle 
size of 0.3 micron diameter) and initial penetration cannot 
exceed 0.3% at rated flow. Penetration decreases as the 
filter is loaded during use. Available in four standard 
filter frame dimensions. 


FIRE RESISTANT MODEL—This model is sim- 
ilar in appearance and size to the four Standard Models. 
Fire resistant materials have replaced the combustible 


FIRE RESISTANT MODEL 


Scientifically tested and registered for the ultimate in 
AIR PURIFICATION... M-S-A ULTRA-AIRE’ SPACE FILTERS 


WGA 


materials. The combustibles at normal flame temperature 
(1500°F) have been reduced so that the fuel content in 
the 1000 cfm size is less than 2 pounds total weight. 
Plywood frame is impregnated with a fire resistant 
compound. Filter core consists of impregnated mineral 
fiber separators and glass fiber web that are both fire and 
waterproof. Gaskets are fireproof mineral fiber that seal 
tight at installation. 


HIGH TEMPERATURE MODEL— You eget effec- 
tive performance at temperatures up to 1000°F with this 
model. It provides dependable, safe and efficient filtering 
of high temperature gases. The filter frame as well as the 
core is made from glass or other mineral fibers. All 
combustible materials have been replaced by materials 
which resist fires, most chemical attack, expansion, con- 
traction and aging. It is tested in the same manner and 
is as efficient as the Standard model. Initial resistance is 
0.9” water gage or less at rated capacity of 50 cfm. 
Chemical resistance equals glass. And in pharmaceutical 
applications, it can be dry steam sterilized while in place. 
Write us for further information. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue 
Pittsburgh 8, Pennsylvania 
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Another Koppers Exclusive in 


ELECTROSTATIC PRECIPITATION 


ca 


BUST 


INCREASED POWER—The evenly spaced discharge 
points of ‘‘Koronamax’’ Electrodes reduce 
the arc-over tendency and permit increasing 
power input. 


= 
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CONVENTIONAL ELECTRODES "KORONAMAX 


\— inter bust  "“KQRONAMAX” ELECTRODES increase 


HIGHER EFFICIENCY— Replacement of regular 
electrodes with ‘‘Koronamax”’ Electrodes allows 


higher power input — greatly @fficiency and capacity of 
efficiency. 
* + 
electrostatic precipitators 


: 


“‘Koronamax”’ Electrodes developed by Koppers are now in 
service in several different applications and their controlled 
corona discharge has resulted in greatly increased capacity and 
Sa efficiency. This unique type of precipitator electrode may solve 
ce your gas cleaning problem. 


Z |= Koppers’ experience, constant research and extensive field 
CU.FT. UNIFORM DUST LOAD INPUT —> testing have led to this important advance in precipitator design. 
Check with Koppers to, see if ‘‘Koronamax”’ Electrodes can help 
efficiency may be obtained with smaller unit you get top precipitator efficiency. For more information, write: 
when “Koronamax” Hlectrodes are used. Koprers Company, Inc., 9405 Scott Street, Baltimore. 3, Md. 


[PRECIPITATION SIZE—> 


mn ELECTROSTATIC PRECIPITATORS 


KOPPERS 
Ww Engineered Products Sold with Service 
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+ _ Type D Type N Type W 
ROTO-CLONE ROTO-CLONE ROTO-CLONE AMERjet 
For moderate load- » For heavy-duty loadings For medium concentra- For high concentrations For extremely fine 
ings of dry, gran- of alll sizes tions of fine particles of dry, granular par- particles and ma- 
ular particles ticles in large volumes _ terials that should be 
reclaimed dry 
COMPANY, IN 


256 Central Avenue, Louisville 8, Kentucky 
American Air Filter of Canada, Ltd., Montreal, P. Q. 


